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N  ,  N  '  -DIHAL0-2-IMIDAZ0LIDIN0NES 

c  The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  n o v e l  

N , N ' ~ d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e s   and  more  p a r t i c u l a r l y   to  t h e  

use  of  such  compounds  for  the  c o n t r o l   and  p r e v e n t i o n   of  m i c r o o r g a n i s m s  

in  aqueous  media,   p a r t i c u l a r l y   i n d u s t r i a l   water   sys tems ,   p o t a b l e  

10  wa te r ,   swimming  poo l s ,   hot  tubs  and  waste  wate r   t r e a t m e n t   f a c i l i t i e s ,  

and  in  s a n i t i z i n g   a p p l i c a t i o n s .  

The  i n c r e a s e   in  demand  by  i n d u s t r y   upon  water   for  p r o c e s s  
and  coo l ing   purposes   has  r e s u l t e d   in  the  reuse   of  a v a i l a b l e   w a t e r  

s u p p l i e s   'in  systems  such  as  r e c i r c u l a t i n g   coo l ing   towers  and  c l o s e d  
■"  a i r   c o n d i t i o n i n g   sys tems.   Besides   being  s u b j e c t   to  severe   s c a l i n g   and 

c o r r o s i o n   p rob lems ,   open  r e c i r c u l a t i n g   coo l ing   systems  are  an  i d e a l  

envi ronment   for  the  growth  of  m ic roo rgan i sms   of  many  types .   The 

growth  of  the  m ic roo rgan i sm  L e g i o n e l l a   pneumoph i l i a   in  l a rge   a i r  

c o n d i t i o n i n g   systems  has  been  documen ted .  

20  The  problem  of  a lgae  c o n t a m i n a t i o n   a lso   a r i s e s   q u i t e  

f r e q u e n t l y   in  c o n n e c t i o n   with  water  towers ,   a i r   c o n d i t i o n i n g   u n i t s ,  

water  r e s e r v o i r s   and  t anks ,   ponds  on  farms  and  i r r i g a t i o n   d i t c h e s ,  

s e t t l i n g   ponds,  w i n e r i e s ,   waste  water   s l u i c e s   in  paper  m i l l s ,   sewage 
d i s p o s a l   u n i t s ,   the  tanks  of  t o i l e t s ,   and  o the r   a p p l i c a t i o n s   i n v o l v i n g  

25  water   usage  and  s t o r a g e .  

Munic ipa l   water   sys tems,   swimming  pools   and  hot  tubs  a l s o  

provide   a  s u i t a b l e   envi ronment   for  the  growth  of  m ic roo rgan i sms   s u c h  

as  a lgae ,   b a c t e r i a   .and  p r o t o z o a .   For  example,   the  p r e sence   of  G i a r d i a  

l ambl ia   in  mun ic ipa l   water   t r e a t m e n t   systems  has  caused  i n t e r r u p t i o n  

30  of  the  supply  of  po t ab l e   water   to  p o p u l a t e d   a r e a s .   Munic ipa l   w a t e r  

systems  commonly  use  c h l o r i n e   as  a  d i s i n f e c t a n t .   P r i v a t e   swimming 

pools  and  hot  tubs  are  t r e a t e d   with  v a r i o u s   commerc ia l ly   a v a i l a b l e  

chemica l s ,   e . g . ,   c h l o r i n e - c o n t a i n i n g   compounds  such  as  c a l c i u m  

h y p o c h l o r i t e ,   to  c o n t r o l   and/or   e l i m i n a t e   b a c t e r i a ,   a lgae  and  o t h e r  
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m i c r o o r g a n i s m s   t h a t   tend  to  p r o l i f e r a t e   in  Buch  aqueous  media.  O t h e r  

t o x i c a n t s   such  as  copper   s u l f a t e   ( coo l ing   towers)   and  ch lo ramines   h a v e  

a l so   been  used  to  c o n t r o l   the  growth  of  m i c r o o r g a n i s m s ;   however,   i n  

many  systems  the  use  of  these   chemicals   is  not  d e s i r a b l e   because  o f  

5  d e l e t e r i o u s   s ide  e f f e c t s   r e s u l t i n g   from  t h e i r   u s e .  

The  a r t i c l e ,   " D i a z i r i d i n o n e s   ( 2 , 3 - D i a z a c y c l o p r o p a n o n e s ) "   by  

C.  A.  Renner  et  a l ,   J.  Org.  Chem.,  Vol.  41,  No.  17,  pp.  2813-2819 

(1976)  d e s c r i b e s   the  p r e p a r a t i o n   o f  

l - c h l o r o - 4   ,4 ,5 ,   5 - t e t r a m e t h y l - 2 - i m i d a z o l i d o n e   and  

10  l , 3 - d i c h l o r o - 4 , 4 , 5 , 5 - t e t r a m e t h y l - 2 - i m i d a z o l i d o n e   by  r e a c t i o n   of  t h e  

u n h a l o g e n a t e d   i m i d a z o l i d i n o n e   with  t e r t i a r y   bu ty l   h y p o c h l o r i t e   .  The 

use  of  such  compounds  is  not  d e s c r i b e d .   The  N , N ' - d i h a l o - 2  

i m i d a z o l i d i n o n e   d e r i v a t i v e s   d e s c r i b e d   h e r e i n   are  used  to  d i s i n f e c t  

v a t e r   and  hard  s u r f a c e s .   These  o rgan ic   compounds  have  p r o p e r t i e s  

15  which  make  them  a  d e s i r a b l e   source  of  p o s i t i v e   ha logen  for  t h e  

a f o r e s a i d   p u r p o s e s .   Most  are  s o l i d s   at  room  t e m p e r a t u r e   and  show  good 

s t a b i l i t y   both  in  the  dry  form  and  in  wa te r .   They  are  safe   to  h a n d l e  

and  c o n t a i n   a  r e l a t i v e l y   high  p e r c e n t a g e   of  h a l o g e n .  

An  o b j e c t   of  the  i n v e n t i o n   is  to  p rov ide   novel   N , N ' - d i h a l o -  

20  2 - i m i d a z o l i d i n o n e   d e r i v a t i v e s .   Another  o b j e c t   is  to  p rov ide   a  me thod  

for   d i s i n f e c t i n g   aqueous  media  c o n t a i n i n g   h a l o g e n - s e n s i t i v e  

m i c r o o r g a n i s m s   and  for   s a n i t i z i n g   a reas   con t amina t ed   with  s u c h  

m i c r o o r g a n i s m s   . 
The  o b j e c t s   of  the  i n v e n t i o n   are  o b t a i n e d   by  u t i l i z i n g   t h e  

25  i m i d a z o l i d i n o n e s   of  c la im  1  and  the  methods  of  c laims  16  to  32.  The 

s u b c l a i m s   d e s c r i b e   p r e f e r r e d   embodiments  of  the  i n v e n t i o n .  

GENERAL  DESCRIPTION  OF  THE  INVENTION 

The  N , N * - d i h a l o - 2 - i m i d a z o l i d i n o n e s   d e s c r i b e d   h e r e i n   are  f i v e  

membered  r ing   compounds  t ha t   may  be  r e p r e s e n t e d   by  the  f o l l o w i n g  

30  g r a p h i c   formula  I :  

b   h  

R - ? - f - E i   * 

X1—  N  N—  X 
V  

11 
35  0 
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wherein  X  and  X'  are  each  halogen  s e l e c t e d   from  the  group  c h l o r i n e   and  
bromine,   Rj  ,  R2,  R3  and  R  ̂ are  each  s e l e c t e d   from  the  group 
c o n s i s t i n g   of  hydrogen,   Cj-C^  a l k y l ,   Cj-C^  a lkoxy,   hydroxy  and 
s u b s t i t u t e d   phenyl ,   p a r t i c u l a r l y   p a r a - s u b s t i t u t e d   phenyl ,   wherein   s a i d  

5  phenyl   s u b s t i t u e n t s   are  each  s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

C1~C4  alky1>  Ci~C4  alkoxy  and  hydroxy;  p r o v i d e d ,   however,  t h a t  
not  more  than  one  of  the  s u b s t i t u e n t s   R,-R,  is  hydrogen;  p r o v i d e d ,  
s t i l l   f u r t h e r ,   tha t   when  both  X  and  X'  are  c h l o r i n e ,   not  more  t h a n  
th ree   of  the  s u b s t i t u e n t s   Rj,  R,,,  R3  and  R,  are  m e t h y l .  

10  When  both  X  and  X1  are  c h l o r i n e ,   n o v e l ,  
N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e s   of  the  p r e s e n t   i n v e n t i o n   inc lude   t h o s e  
compounds  wherein   (a)  Rj,  R2  and  Rg  are  each  s e l e c t e d   from  t h e  
group  hydrogen,   Cj-C^  a l k y l ,   e . g . ,   C^C^  a l k y l ,   Cj-C 
a lkoxy,   hydroxy  and  s u b s t i t u t e d   phenyl ,   sa id   phenyl  s u b s t i t u e n t s   b e i n g  

15  s e l e c t e d   from  the  group  C^-C^  a l k y l ,   Cj-C^  alkoxy  or  h y d r o x y ,  
and  R̂ ,  is  s e l e c t e d   from  the  group  hydrogen,   C  -C  a l k y l ,  

C1~C4  alk°xy>  hydroxy  and  s u b s t i t u t e d   phenyl ,   said  p h e n y l  
s u b s t i t u e n t s   being  s e l e c t e d   from  the.  group  C  -C  a lky l ,   C  -C 
alkoxy  or  hydroxy  and  (b)  not  more  than  one  of  the  s u b s t i t u e n t s  

20  R l ~ R 4 i s   hvdr°gen-   More  p a r t i c u l a r l y ,   when  both  X  and  Xf  a r e  
c h l o r i n e ,   (a)  the  s u b s t i t u e n t s   R,-R,  are  each  s e l e c t e d   from  t h e  

group  hydrogen,   C^-C  a lkoxy,   hydroxy  and  s u b s t i t u t e d   p h e n y l ,  
e . g . ,   p a r a - s u b s t i t u t e d   phenyl ,   said  phenyl  s u b s t i t u e n t s   being  d e f i n e d  
h e r e i n a b o v e ,   and  (b)  not  more  than  one  of  the  s u b s t i t u e n t s   R , -R ,  1  4 

25  is  h y d r o g e n .  

The  a l k y l   s u b s t i t u e n t s   a t t a c h e d   to  the  r ing  of  t h e  
2 - i m i d a z o l i d i n o n e   compounds  or  to  the  phenyl   s u b s t i t u e n t   may  c o n t a i n  
from  1  to  4  carbon  atoms;  namely,  methyl ,   e t h y l ,   p ropyl ,   i s o p r o p y l   and 
the  b u t y l s ,   e . g . ,   n - b u t y l ,   i s o b u t y l ,   and  secondary   b u t y l .   S i m i l a r l y ,  

30  the  alkoxy  s u b s t i t u e n t s   a t t a c h e d   to  the  r ing   or  the  phenyl  s u b s t i t u e n t  
may  con t a in   from  1  to  4  carbon  atoms;  namely,  methoxy,  e t h o x y ,  
propoxy,   i sopropoxy   and  butoxy,   e . g . ,   n -bu toxy ,   i sobu toxy ,   and  
secondary   b u t o x y .  

Novel  N , N t - d i h a l o - 2 - i m i d a z o l i d i n o n e s   of  the  p r e s e n t  
35  i n v e n t i o n   i nc lude   those  in  which  at  l e a s t   3  of  the  4  s u b s t i t u e n t s  

(namely  Rj-R^)  on  the  carbon  atoms  at  the  4  and  5  p o s i t i o n s   of  t h e  
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r ing   are  chosen  from  the  d e s c r i b e d   a l k y l ,   a lkoxy,   hydroxy,   o r  

s u b s t i t u t e d   phenyl   s u b s t i t u e n t s .   P r e f e r a b l y ,   a l l   four  of  t h e  

s u b 8 t i t u e n t s   are  chosen  from  said  group  of  s u b s t i t u e n t s .   Thus,  t h e  

novel   N , N f - d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e s   con templa ted   h e r e i n  

5  are  t r i -   and  t e t r a - s u b s t i t u t e d   N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e s .   More 

p r e f e r a b l y ,   the  B..-R,  s u b s t i t u e n t s   and  the  phenyl   s u b s t i t u e n t s   a r e  

Cj-C2  a l k y l   g roups ,   i . e . ,   methyl   and  e t h y l   groups .   S t i l l   more  

p r e f e r a b l y ,   K..-R,  are  methyl   g r o u p s .  

Examples  of  the  a f o r e d e s c r i b e d   o rgan ic   compounds  i nc lude   b u t  

10  are  not  l i m i t e d   to;  l - c h l o r o - 3 - b r o m o - 4 , 4 , 5 , 5 - t e t r a m e t h y l - 2 - i m i d a z o l i -  

d inone;   1  , 3 - d i c h l o r o - 4 ,   5,  5 - t r ime   thy  1 - 2 - i m i d a z o l i d i n o n e ;  

1  ,  3 - d i c h l o r o - 4 - m e t h o x y - 4   ,  5  ,  5 - t r i m e t h y l - 2 - i m i d a z o l i d o n o n e   ; 

1  ,  3 -d ib romo-4 ,   4  ,  5  , 5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e   ; 

1  ,  3 - d i c h l o r o - 4 - h y d r o x y - 4   ,  5  ,  5 - t r ime   t h y l - 2 - i m i d a z o l i d i n o n e   ; 

15  1,  3 - d i c h l o r o - 4 - e   thy  1-4  ,  5  ,  5 - t r i i i e t h y l - 2 - i m i d a z o l i d i n o n e   ; 

1  ,  3 - d i c h l o r o - 4   ,  4 -d i e   thy  1-5  ,  5 -d imethy   1 - 2 - i m i d a z o l i d i n o n e   ;  and  1  ,  3 - d i -  

c h l o r o - 4   , 4 ,5 ,   5 - t e t r a e   thy  1 - 2 - i m i d a z o l i d i n o n e   . 

By  s u b s t i t u t i o n   of  o ther   named  s u b s t i t u e n t s   for  R  -R,  , 

e . g . ,   e t h y l ,   p r o p y l ,   b u t y l ,   methoxy,  e thoxy,   propoxy,   h y d r o x y ,  

20  p a r a m e t h y l p h e n y l ,   e t c .   for  one  or  more  of  the  t r i m e t h y l   or  t e t r a m e t h y l  

d e r i v a t i v e s   above  named,  o ther   c o r r e s p o n d i n g l y   named  N , N ' - d i c h l o r o - ,  

d ibromo-  or  c h l o r o b r o m o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e s   may  be  named. 

N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e s   of  the  p r e s e n t  

i n v e n t i o n   may  be  p r e p a r e d   by  r e a c t i n g   the  c o r r e s p o n d i n g   u n h a l o g e n a t e d  

25  2 - i m i d a z o l i d i n o n e   wi th   a  source  of  c h l o r i n e ,   bromine  or,  in  the  c a s e  

of  N - c h l o r o -   N ' -b romo-   d e r i v a t i v e s ,   f i r s t   a  source   of  c h l o r i n e   and  

then  a  source   of  b romine .   While  e l e m e n t a l   c h l o r i n e   and  bromine  may  b e  

u t i l i z e d ,   m i l d e r   c h l o r i n a t i n g   / b r o m i n a t i n g   agen ts   may  be  u s e d .  

Examples  t h e r e o f   i n c l u d e   N - c h l o r o s u c c i n i m i d e   ,  N - b r o m o s u c c i n i m i d e ,  

30  ca lc ium  h y p o c h l o r i t e ,   sodium  h y p o c h l o r i t e ,   t e r t i a r y   b u t y l  

h y p o c h l o r i t e ,   t r i c h l o r o i s o c y a n u r i c   ac id ,   N - c h l o r o a c e t a m i d e   ,  N - c h l o r o -  

or  bromo-amines   ,  e t c .   H a l o g e n a t i o n   of  the  u n h a l o g e n a t e d  

2 - i m i d a z o l i d i n o n e s   may  be  accompl i shed   in  m i x t u r e s   of  water   and  common 

i n e r t   o r g a n i c   s o l v e n t s ,   e . g . ,   methy lene   c h l o r i d e ,   ch lo roform  and 

35  carbon  t e t r a c h l o r i d e   ,  at  room  t e m p e r a t u r e s .   I n e r t   o rgan ic   s o l v e n t s  

may  be  used  a lone   wi th   N-halamine  h a l o g e n a t i n g   r e a g e n t s .  
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Unha logena ted   t e t r a a l k y l   s u b s t i t u t e d   2 - i m i d a z o l i d i n o n e s   may 
be  p repa red   by  f i r s t   r educ ing   the  c o r r e s p o n d i n g  
2  ,  3 - d i a l k y l - 2   ,  3 - d i n i t r o b u t a n e   ,  e . g . ,   2  ,  3 - d i m e t h y l - 2   ,  3 - d i n i t r o b u t a n e   , 
to  the  2 , 3 - d i a l k y l - 2 , 3 - d i a m i n o b u t a n e ,   e . g . ,  

5  2 , 3 - d i m e t h y l - 2 , 3 - d i a m i n o b u t a n e ,   and  then  forming  the  2 - i m i d a z o l i d i n o n e  
by  r e a c t i n g   the  2 , 3 - d i a l k y l - 2 , 3 - d i a m i n o b u t a n e   with  phosgene  in  b a s i c  
s o l u t i o n .   Such  r e d u c t i o n   step  may  be  accompl i shed   by  the  me thod  
d e s c r i b e d   by  J.  Bewad,  in  the  a r t i c l e ,   Concerning  Symmetr ical   T e r t i a r y  
alpha  D i n i t r o p a r r a f i n ,   Ber . ,   39,  1231-1238  (1906).   The  2 -  

10  i m i d a z o l i d i n o n e   may  be  s y n t h e s i z e d   by  the  method  d e s c r i b e d   by  R.  S e y r e  
in  the  a r t i c l e ,   "The  I d e n t i t y   of  H e i l p e r n ' s   ' P i n a c o l y l t h i o u r e a '   and  
the  P r e p a r a t i o n   of  A u t h e n t i c  

2 - T h i o n o - 4 , 4 , 5 , 5 - t e t r a m e t h y l i m i d a z o l i d i n e " ,   J^  Am  ̂ Chem.  S o c ,   7 7 ,  
6689-6690  (1955).   I t   is  con t emp la t ed   tha t   o ther   d e s c r i b e d  

15  2 - i m i d a z o l i d i n o n e   d e r i v a t i v e s   may  be  p r epa red   from  the  c o r r e s p o n d i n g  
l , 2 - s u b s t i t u t e d - l , 2 - d i a m i n o e t h a n e s ,   or  by  o ther   o rgan ic   s y n t h e t i c  
rou tes   known  to  those  s k i l l e d   in  the  a r t .   For  example,  i t   i s  
con templa ted   t h a t  

l , 3 - d i c h l o r o - 4 - m e t h o x y - 4 , 5 , 5 - t r i m e t h y l - 2 - i m i d a z o l i d i n o n e   may  b e  
20  p repared   by  c y c l i z i n g   2 - m e t h y l - 3 - m e t h o x y - 2 , 3 - d i a m i n o b u t a n e   and  c h l o r i -  

na t i ng   the  r e s u l t i n g   4 - m e t h o x y - 4 , 5 , 5 - t r i m e t h y l - 2 - i m i d a z o l i d i n o n e .  

S i m i l a r l y ,   i t   is  con templa t ed   t h a t  

l , 3 - d i c h l o r o - 4 - h y d r o x y - 4 j 5 , 5 - t r i m e t h y l - 2 - i m i d a z o l i d i n o n e   may  b e  
p repared   by  c y c l i z i n g   2 - m e t h y l - 3 - h y d r o x y - 2 , 3 ~ d i a m i n o b u t a n e   and  

25  c h l o r i n a t i n g   the  r e s u l t i n g   4 - h y d r o x y - 4 , 5 , 5 - t r i m e t h y l - 2 -  
i m i d a z o l i d i n o n e   . 

N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e s   may  be  used  f o r  
d i s i n f e c t i n g   aqueous  media  c o n t a i n i n g   u n d e s i r e d   m i c r o o r g a n i s m s ,  
p a r t i c u l a r l y   halogen  s e n s i t i v e   m i c r o o r g a n i s m s ,   by  t r e a t i n g   the  a q u e o u s  

30  medium  with  a  b i o c i d a l l y   e f f e c t i v e   amount  of  a  2 - i m i d a z o l i d i n o n e  
compound.  N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e s   u s e f u l   in  the  d i s i n f e c t i o n  
and  s a n i t i z i n g   a p p l i c a t i o n s   con templa t ed   he r e in   may  be  r e p r e s e n t e d   by 
the  g raphic   formula  : 
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where in   X  and  Xf  are  each  ha logen   s e l e c t e d   from  the  group  c h l o r i n e   and  

b romine ,   Rj,  R2,  Rg,  *4  are  each  s e l e c t e d   from  the  g roup  

c o n s i s t i n g   of  hydrogen ,   Cj-C4  a l k y l ,   Cj-C^  a lkoxy,   hydroxy  and  

s u b s t i t u t e d   pheny l ,   e . g . ,   p a r a - s u b s t i t u t e d   phenyl ,   where in   said  p h e n y l  

10  s u b s t i t u e n t s   are  each  s e l e c t e d   from  the  group  c o n s i s t i n g   of  Cj -C^ 

a l k y l ,   C  -C,  a lkoxy ,   and  hydroxy,   p r o v i d e d ,   however,   tha t   not  more 

than  one  of  the  s u b s t i t u e n t s   Rj-*^  is  h y d r o g e n .  

The  N , N - d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e s   d e s c r i b e d  

h e r e i n   for   use  in  d i s i n f e c t i n g   aqueous  media  c o n t a i n i n g   u n d e s i r e d  

15  m i c r o o r g a n i s m s   may  be  used  in  combina t ion   wi th   o the r   sources   of  a c t i v e  

h a l o g e n ,   e . g . ,   c h l o r i n e   or  bromine.   Such  a d d i t i o n a l   sources   of  a c t i v e  

ha logen   may  be  used  p r i o r   to,  subsequen t   or  s i m u l t a n e o u s l y   with  t h e  

use  of  the  a f o r e s a i d   2 - i m i d a z o l i d i n o n e s   .  Examples  of  such  o t h e r  

s o u r c e s   of  h a logen   i n c l u d e ,   but  are  not   l i m i t e d   to,   e l e m e n t a l  

20  c h l o r i n e ,   e l e m e n t a l   bromine,   a l k a l i   meta l   h y p o c h l o r i t e ,   e . g . ,   sodium 

or  p o t a s s i u m   h y p o c h l o r i t e ,   ca lc ium  h y p o c h l o r i t e ,   t e r t i a r y   b u t y l  

h y p o c h l o r i t e ,   and  N - h a l o g e n a t e d   o rgan ic   compounds  which  r e l e a s e   a c t i v e  

h a l o g e n ,   e . g . ,   c h l o r i n e ,   when  c o n t a c t e d   wi th   wa te r ,   such  as  N - h a l a m i n e  

compounds,  e . g . ,   N -ch lo ramine   or  N-bromamine  compounds.  F u r t h e r  

25  examples  of  N - h a l o g e n a t e d   o rgan ic   compounds  i nc lude   the  c h l o r o -   and 

b r o m o - d e r i v a t i v e s   of  N - h a l o - s u c c i n i m i d e   ,  N , N f - d i h a l o - d i -  

m e t h y l h y d r a n t o i n ,   e . g . ,   N , N ' - d i c h l o r o - d i m e t h y l   h y d r a n t o i n   a l k a l i  

me ta l ,   e . g . ,   sodium  or  po t a s s ium,   N , N - d i h a l o c y a n u r a t e ,   e . g . ,   sodium 

N , N ' - d i c h l o r o c y a n u r a t e ,   t r i h a l o i s o c y a n u r i c   ac id ,   e . g . ,  

30  t r i c h l o r o i s o c y a n u r i c   ac id ,   N - h a l o - 2 - o x a z o l i d i n o n e s   ,  e . g . ,   N - c h l o r o -   o r  

N - b r o m o - 2 - o x a z o l i d i n o n e s ,   and  h a l o g l y c o l u r i l s   ,  e . g . ,   bromo  and  

c h l o r o g l y c o l u r i l s   such  as  t e t r a c h l o r o g l y c o l u r i l   and  

1 , 3 , 4 ,   6 - t e t r a c h l o r o - 3 a ,   6 a - d i m e t h y l   g l y c o l u r i l   . 

In  a  f u r t h e r   embodiment  of  the  p r e s e n t   i n v e n t i o n ,   i t   i s  

35  c o n t e m p l a t e d   t h a t   aqueous  media  may  be  d i s i n f e c t e d   by  i n t r o d u c i n g   i n t o  

the  aqueous  media,   a  n o n - h a l o g e n a t e d   2 - i m i d a z o l i d i n o n e   c o r r e s p o n d i n g  
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to  the  compounds  of  g raph ic   formula  I I ,   i . e . ,   compounds  r e p r e s e n t e d   by- 

g raph ic   formula  I I I :  

5  HN  NH 

I  

where in   R.  ,  R»,  R,,  R,  are  each  s e l e c t e d   from  the  g roup  

c o n s i s t i n g   of  hydrogen,   C--C,  a l k y l ,   C.-C,  a lkoxy,   hydroxy  and 

10  s u b s t i t u t e d   phenyl ,   e . g . ,   p a r a - s u b s t i t u t e d   phenyl ,   sa id   p h e n y l  

s u b s t i t u e n t s   being  s e l e c t e d   from  the  group  c o n s i s t i n g   of  C . - C ,  

a l k y l ,   C.-C,  alkoxy  and  hydroxy,   p rov ided   t h a t   not  more  than  one 

of  the  s u b s t i t u e n t s   R,-RA  is  hydrogen,   and  (b)  at  l e a s t   a  

s t o i c h i o m e t r i c   amount  of  a  source  of  ha logen   s e l e c t e d   from  the  g roup  
15  c o n s i s t i n g   of  c h l o r i n e   and  bromine,   whereby  to  form  in  s i t u   a  b i o c i d a l  

amount  of  the  c o r r e s p o n d i n g   N , N f - d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e .  

Sources  of  c h l o r i n e   and  bromine  tha t   may  be  employed  i n c l u d e ,   but  a r e  

not  l i m i t e d   to  e l e m e n t a l   c h l o r i n e ,   e l e m e n t a l   bromine,   sod ium 

h y p o c h l o r i t e ,   calc ium  h y p o c h l o r i t e ,   t e r t i a r y   bu ty l   h y p o c h l o r i t e   and 

20  N - h a l o g e n a t e d   o rgan ic   compounds  (N-ha lamines)   tha t   r e l e a s e   t h e i r  

ha logen  in  c o n t a c t   with  water   and  tha t   is  l e s s   s t a b l e   under  t h e  

c o n d i t i o n s   of  d i s i n f e c t i o n   ( t e m p e r a t u r e   and  pH)  than  t h e  

N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   formed  in  s i t u .   Examples  of  such  

N - h a l o g e n a t e d   o rgan ic   compounds  are  d e s c r i b e d   h e r e i n a f t e r .  

25  G e n e r a l l y ,   s u f f i c i e n t   of  the  N , N t - d i h a l o - 2 - i m i d a z o l i d i n o n e  

d e r i v a t i v e   (preformed  or  formed  in  s i t u )   of  g raphic   formula  II  is  u s e d  

to  p rov ide   between  about  0.3  and  about  10  p a r t s   of  p o t e n t i a l   p o s i t i v e  

ha logen ,   e . g . ,   c h l o r i n e ,   per  m i l l i o n   p a r t s   of  the  aqueous  medium, 

p r e f e r a b l y   between  about  1  and  2  p a r t s   of  p o t e n t i a l   p o s i t i v e   h a l o g e n  

30  per  m i l l i o n   p a r t s   of  the  aqueous  medium.  Such  amounts  of  s a i d  

2 - i m i d a z o l i d i n o n e   d e r i v a t i v e s   are  t y p i c a l l y   s u f f i c i e n t   to  p rov ide   a  

b i o c i d a l   e f f e c t   in  the  aqueous  medium.  The  amount  of  p o t e n t i a l  

p o s i t i v e   ha logen,   e . g . ,   c h l o r i n e ,   f u r n i s h e d   by  t h e  

N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e   c o r r e s p o n d s   to  t h e  

35  t h e o r e t i c a l   amount  of  ha logen  tha t   is  a v a i l a b l e   from  t h e  

N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e   used.   S t a t ed   in  ano the r   way, 
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u s u a l l y   between  1  and  30  p a r t s   of  the  N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e  

d e r i v a t i v e   per  m i l l i o n   p a r t s   of  aqueous  medium  are  used  to  p rov ide   a  

b i o c i d a l   amoun t .  

Undes i red   m i c r o o r g a n i s m s   p r e s e n t   in  an  aqueous  medium  or  on 

5  s u r f a c e s   which  r e q u i r e   s a n i t i z i n g   i n c l u d e   a lgae ,   fungi ,   b a c t e r i a ,  

p r o t o z o a ,   v i r u s e s   and  o the r   such  o rgan i sms .   G e n e r a l l y ,   the  o r g a n i s m s  

t h a t   may  be  c o n t r o l l e d   or  e l i m i n a t e d   from  the  aqueous  medium  by  use  o f  

the  a f o r e d e s c r i b e d   compounds  or  method  are  those  which  are  s e n s i t i v e  

to  c o n t r o l   or  d e s t r u c t i o n   by  ha logen   or  h a l o g e n - c o n t a i n i n g   compounds.  

10  Of  the  more  prominent   o rgan i sms ,   t he re   may  be  mentioned  b a c t e r i a   s u c h  

as  L e g i o n e l l a   p n e u m o p h i l i a ,   S h i g e l l a   b o y d i i ,   S t aphy lococcus   a u r e u s ,  

E s c h e r i c h i a   c o l i ,   K l e b s i e l l a   pneumoniae,   P ro t eus   o u l g a r i s ,   S a l m o n e l l a ,  

c h o l e r a - s u i s   ,  Sa lmone l l a   typhimar ium,   S e r r a t i a   m a r c e s c e n s ,  

E n t e r o b a c t e r   c l o a c a e ,   S t a p h y l o c o c c u s   e p i d e r m i s ,   Pseudomonas 

15  a e r u g i n o s a ,   and  S p h a e r o t i l u s   n a t a n s ;   p r o t o z o a   such  as  G ia rd ia   l a m b l i a  

and  Entamoeba  i nvadens ;   fung i   such  as  Candida  a l b i c a n s ,   R h o d o t o r u l a  

r u b r a ,   C e r a t o c y s t i s   c o e r u l e s c e n s ,   P h a n e r o c h a e t e   c h r y s o s p o r i u m ,  

C ladospo r ium  C l a d o s p o r o i d e s   ;  a lgae  such  as  Se l enas t rum  c a p r i c o r n u t u m ,  

chlamydomonas  r e i n h a r d t i i ,   C h l o r e l l a   p y r e n o i d o s a ,   O s c i l l a t o r i a  

20  p r o l i f e r a ,   O s c i l l a t o r i a   l u t e a ,   and  Anabaena  c y l i n d r i c a ;   and  v i r u s e s  

such  as  h e r p e s v i r u s ,   r o t a v i r u s   and  p o l i o v i r u s .  

In  accordance   wi th   one  embodiment  of  the  p r e s e n t   i n v e n t i o n ,  

h a l o g e n - s e n s i t i v e   b a c t e r i a   are  p a r t i c u l a r l y   s u s c e p t i b l e   to  removal  b y  

the  h e r e i n d e s c r i b e d   method  by  t r e a t i n g   the  h a b i t a t   of  the  b a c t e r i a  

25  wi th   a  b a c t e r i c i d a l   amount  of  a  N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e  

d e r i v a t i v e   d e s c r i b e d   h e r e i n .   S i m i l a r l y ,   when  the  mic roorgan i sm  is  a  

p r o t o z o a ,   v i r u s   or  fungus ,   the  q u a n t i t y   o f  

N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e   r e q u i r e d   may  be  exp re s sed   a s  

a  p r o t o z o a c i d a l ,   v i r u c i d a l   or  f u n g i c i d a l   amount.  In  the  case  o f  

30  a l g a e ,   the  q u a n t i t y   of  N , N f - d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e  

r e q u i r e d   may  be  exp re s sed   as  an  a l g a e s t a t i c   amoun t .  

N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e s   d e s c r i b e d   h e r e i n  

may  be  employed  in  a  v a r i e t y   of  b l e a c h i n g ,   d i s i n f e c t i n g ,   s a n i t i z i n g  

and  o t h e r   b i o c i d a l   a p p l i c a t i o n s .   These  N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e  

35  d e r i v a t i v e s   have  a  r e l a t i v e l y   high  ha logen   con t en t   and  may  be  used  i n  

those   a p p l i c a t i o n s   which  r e q u i r e   the  r e d u c t i o n   in  the  number  of  or  t h e  
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c o n t r o l   of  mic roorgan i sms   in  an  aqueous  medium  or  on  the  s u r f a c e   o f  

s o l i d   o b j e c t s   to  a  safe  l e v e l .   They  may  also  be  used  as  a d j u v a n t s   i n  

v a r i o u s   b i o l o g i c a l l y - a c t i v e   compos i t ions   such  as  f u n g i c i d e s ,  

a l g a e c i d e s ,   b a c t e r i c i d e s ,   v i r u c i d e s   and  p r o t o z o a c i d e s .   Of  p a r t i c u l a r  

5  i n t e r e s t   is  the  u t i l i t y   of  these   compounds  for  i n h i b i t i n g   the  g rowth  

of  m i c r o o r g a n i s m s   such  as  b a c t e r i a ,   a lgae ,   v i r u s e s   and  p ro tozoa   i n  

swimming  p o o l s ,   i n d u s t r i a l   coo l ing   towers,   c losed   c i r c u i t   a i r  

c o n d i t i o n i n g   systems  and  swimming  pools ,   or  to  c o n t r o l   the  number  o f  

these  organisms  w i t h i n   a c c e p t a b l e   l i m i t s   with  r e s p e c t   to  h e a l t h   and 

10  s a n i t a t i o n   s t a n d a r d s .  

I t   w i l l   be  u n d e r s t o o d ,   of  course ,   t h a t  

N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e s   d e s c r i b e d   h e r e i n   may  be  u s e d  

in  d i v e r s e   l i q u i d   and  s o l i d   f o r m u l a t i o n s ,   i n c l u d i n g   f o r m u l a t i o n s   i n  

the  p h y s i c a l   s t a t e   of  f i n e l y - d i v i d e d   powders  and  g r a n u l a r   m a t e r i a l s . ,  

15  l i q u i d s   such  as  s o l u t i o n s ,   c o n c e n t r a t e s ,   e m u l s i f i a b l e   c o n c e n t r a t e s ,  

s l u r r y s   and  the  l i k e .   The  f o r m u l a t i o n   and  p h y s i c a l   s t a t e   w i l l   depend 

upon  the  a p p l i c a t i o n   i n t ended .   These  compounds  may  be  used  alone  o r  

in  combina t ion   with  o ther   known  b i o l o g i c a l l y - a c t i v e   m a t e r i a l s .  

Thus,  i t   w i l l   be  a p p r e c i a t e d   that   t h e  

20  N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e s   d e s c r i b e d   h e r e i n   may  be  u s e d  

to  form  b i o l o g i c a l l y - a c t i v e   compos i t ions   c o n t a i n i n g   such  compounds  a s  

e s s e n t i a l   i n g r e d i e n t s   t h e r e o f ,   which  compos i t ions   may  also  i n c l u d e  

wi thou t   l i m i t a t i o n   f i n e l y - d i v i d e d   dry  or  l i q u i d   d i l u e n t s ,   e x t e n d e r s ,  

f i l l e r s ,   c o n d i t i o n e r s ,   i n c l u d i n g   v a r i o u s   c l ays ,   p h o s p h a t e s ,   s i l i c a t e s ,  

25  d ia tomaceous   e a r t h ,   t a l c ,   a l u m i n a - s i l i c a   m a t e r i a l s ,   l i q u i d   e x t e n d e r s ,  

s o l v e n t s ,   d i l u e n t s   or  the  l ike   i n c l u d i n g   water  and  v a r i o u s   o r g a n i c  

l i q u i d s   such  as  c h l o r i n a t e d   benzenes ,   ace tone ,   cy  c lohexanone   ,  x y l e n e s ,  

c h l o r i n a t e d   xy lene ,   carbon  d i s u l f i d e ,   carbon  t e t r a c h l o r i d e ,   e t h y l e n e  

d i c h l o r i d e ,   and  v a r i o u s   mix tu res   t h e r e o f .  

30  One  of  the  most  advantageous   a p p l i c a t i o n s   of  t h e  

N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e s   d e s c r i b e d   h e r e i n   is  i n  

compos i t i ons   u s e f u l   in  b l e a c h i n g ,   s t e r i l i z i n g   and  d e t e r g e n t  

a p p l i c a t i o n s .   Hence,  i t   w i l l   be  unders tood   tha t   the  a f o r e s a i d  

compounds  are  u s e f u l   when  mixed  with  water  and  in  c e r t a i n   i n s t a n c e s  

35  with  o the r   l i q u i d s   to  y i e ld   m a t e r i a l   s u i t a b l e   for  b l e a c h i n g ,  

s t e r i l i z i n g   and  d i s i n f e c t i n g   such  as  in  the  t r e a t m e n t   of  f ood  
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c o n t a i n e r s ,   e . g . ,   meta l   and  o the r   type  c o n t a i n e r s   used  in  t h e  

t r a n s p o r t   of  food  p r o d u c t s   such  as  mi lk ,   cream  and  the  l i k e ,   i n  

d e t e r g e n t s   for  use  in  h o s p i t a l s   and  o the r   p l aces   such  as  h o t e l s   and  

r e s t a u r a n t s   for  d i s h w a s h i n g   and  the  l i k e   where  a  p roduc t   having  a  
5  r e l a t i v e l y   high  a v a i l a b l e   ha logen   c o n t e n t   is  d e s i r a b l e ,   as  well   as  i n  

c o m p o s i t i o n s   used  as  hard  s u r f a c e   c l e a n e r s   or  s a n i t i z e r s ,   e . g . ,   f o r  

h o s p i t a l   f l o o r s   and  t a b l e s ,   and  t o i l e t   bowl  c l e a n e r s .  

When  l i q u i d   f o r m u l a t i o n s   are  employed  or  dry  m a t e r i a l s  

p r e p a r e d   which  are  to  be  used  in  l i q u i d   form,  i t   is  d e s i r a b l e   i n  
10  c e r t a i n   i n s t a n c e s   a d d i t i o n a l l y   to  employ  a  w e t t i n g ,   e m u l s i f y i n g ,   o r  

d i s p e r s i n g   agent   to  f a c i l i t a t e   use  of  the  f o r m u l a t i o n .   Such  a g e n t s  
i n c l u d e :   a l k y l   a ry l   s u l f o n a t e s ,   e . g . ,   sodium  d o d e c y l b e n z e n e  
s u l f o n a t e ,   a l k y l   phenoxy  e t h y l e n e   a l k a n o l s ,   a l ky l   a ry l   p o l y e t h e r  
a l c o h o l s ,   or  o the r   s i m i l a r   w e t t i n g   agen ts   or  s u r f a c e   a c t i v e  

15  m a t e r i a l s .   Soaps,  f i l l e r s ,   a b r a s i v e s ,   and  water   s o f t e n i n g   agents   o f  
the  o r g a n i c   or  i n o r g a n i c   type  may  be  i n c o r p o r a t e d   as  d e s i r e d   t o  

p rov ide   s p e c i f i c   p r o p e r t i e s   r e q u i r e d   in  p a r t i c u l a r   a p p l i c a t i o n s .  
I t   is  p a r t i c u l a r l y   c o n t e m p l a t e d   t ha t   t h e  

N,Kf—  d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e s   d e s c r i b e d   h e r e i n   may  be  u s e d  
20  a d v a n t a g e o u s l y   as  a  swimming  pool  s a n i t i z e r .   The  compounds  p rov ide   a  

s a n i t i z i n g   e f f e c t   over  a  long  pe r iod   of  time  wi thou t   r e p l e n i s h m e n t   o f  
the  compound.  As  swimming  pool  s a n i t i z e r s ,   t h e  

N,N'  - d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e s   may  be  used  in  amounts  t h a t  

p r o v i d e   s a t i s f a c t o r y   d i s i n f e c t i n g   l e v e l s   of  p o t e n t i a l l y   a v a i l a b l e  
25  p o s i t i v e   ha logen ,   e . g . ,   w i t h i n   the  range  of  0.3  to  1.0  p a r t   o f  

h a l o g e n ,   e . g . ,   c h l o r i n e ,   per  m i l l i o n   p a r t s   of  water   with  a  p r e f e r r e d  

range  of  between  about  0.4  and  about  0.8  p a r t s   of  p o t e n t i a l   a v a i l a b l e  

p o s i t i v e   ha logen ,   e . g . ,   c h l o r i n e ,   per  m i l l i o n   p a r t s   of  water   (ppm)  . 
The  p o t e n t i a l   p o s i t i v e   c h l o r i n e   s u p p l i e d   by  t h e  

30  N,N*  - d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e s   is  a v a i l a b l e   for  a  l o n g  

p e r i o d   of  t ime,  and  the  b a c t e r i c i d a l   and  d i s i n f e c t i n g   a c t i v i t y  

p rov ided   by  such  compounds  is  c o n t i n u o u s l y   e f f e c t i v e   dur ing   t h a t  

t i m e .  

In  swimming  pool  a p p l i c a t i o n s ,   the  N , N f - d i h a l o - 2 - i m i d a z o l i -  

35  dinone  d e r i v a t i v e s   may  be  used  in  combina t ion   with  o the r   p o o l  
a d d i t i v e s   such  as  b u f f e r i n g   a g e n t s ,   e . g . ,   sodium  c a r b o n a t e ,   which  may 
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be  added  to  ma in t a in   the  d e s i r e d   pH  l eve l   of  the  pool.   The 
2 - i m i d a z o l i d i n o n e   d e r i v a t i v e s   are  a lso  compat ib le   with  and  may  be  u s e d  
in  combina t ion   with  c o n v e n t i o n a l   swimming  pool  s a n i t i z e r s   such  a s  
ca lc ium  h y p o c h l o r i t e   and  the  h a l o g e n a t e d   i s o c y a n u r a t e s .   When  used  i n  

5  combina t ion   with  such  s a n i t i z e r s ,   the  N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e  
d e r i v a t i v e s   provide   long  l a s t i n g   b a c t e r i c i d a l   and  d i s i n f e c t i n g  
a c t i v i t y   fo l lowing   the  r ap id   s a n i t i z i n g   e f f e c t   of  the  h y p o c h l o r i t e .  

The  p r e sen t   p rocess   is  more  p a r t i c u l a r l y   d e s c r i b e d   in  t h e  
f o l l o w i n g   examples  which  are  i n t e n d e d   as  i l l u s t r a t i v e   only  s i n c e  

10  numerous  m o d i f i c a t i o n s   and  v a r i a t i o n s   t h e r e i n   w i l l   be  a p p a r e n t   t o  
those  s k i l l e d   in  the  a r t .  

EXAMPLE  1 

( P r e p a r a t i o n   of  4 , 4 , 5 , 5 - T e t r a m e t h y l - 2 - I m i d a z o l i d i n o n e )  
17.6  Grams  (0.1  mole)  of  2 , 3 - d i m e t h y l - 2 , 3 - d i n i t r o b u t a n e   and 

15  150  m i l l i l i t e r s   of  c o n c e n t r a t e d   h y d r o c h l o r i c   acid  were  mixed  in  a  
r e a c t i o n   f l a s k   and  immersed  in  a  water   bath  ma in t a ined   at  50-60°C.  75 
Grams  (0.63  mole)  of  20  mesh  g r a n u l a r   t in   was  added  g r a d u a l l y   to  t h e  
r e a c t i o n   f l a sk   over  a  pe r iod   of  2  hours .   The  con ten t s   of  the  r e a c t i o n  
f l a s k   were  heated  under  r e f l u x   for  15  minutes  and  the  r e a c t i o n   m i x t u r e  

20  then  made  s t r o n g l y   a l k a l i n e   by  the  a d d i t i o n   of  150  m i l l i l i t e r s   of  10 
Normal  sodium  hydrox ide .   100  M i l l i l i t e r s   of  water  were  added  to  t h e  
a l k a l i n e   r e a c t i o n   mixture   which  was  then  steam  d i s t i l l e d .   The 
p roduc t ,   i . e . ,   2 , 3 - d i m e t h y l - 2 , 3 - d i a m i n o b u t a n e ,   d i s t i l l e d   over  in  t h e  
f i r s t   350  m i l l i l i t e r s   of  d i s t i l l a t e .  

25  20  M i l l i l i t e r s   of  10  Normal  sodium  hydroxide   s o l u t i o n   was 
added  to  the  350  m i l l i l i t e r s   of  d i s t i l l a t e   c o n t a i n i n g   t h e  

2 , 3 - d i m e t h y l - 2 , 3 - d i a m i n o b u t a n e ,   and  the  r e s u l t i n g   a l k a l i n e   m i x t u r e  
made  s l i g h t l y   ac id ic   by  bubb l ing   phosgene  into  the  s o l u t i o n   at  a  r a t e  
of  about  3  bubbles  per  second  whi le   s t i r r i n g   the  r e a c t i o n   mixture   a t  

30  room  t e m p e r a t u r e ,   i . e . ,   about  25°C.  

4 , 4 , 5 , 5 - T e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e   p r e c i p i t a t e d   from  the  r e a c t i o n  
mix ture   as  a  white  s o l i d .   The  s o l i d   product   was  r ecove red   by  f i l t r a -  
t ion  and  p u r i f i e d   by  r e c r y s t a l l i z a t i o n   from  water .   The  p roduc t   was 
found  to  have  a  me l t ing   po in t   range  of  288-289  °C. 

35  EXAMPLE  2 

( P r e p a r a t i o n   of  1  ,  3 - d i c h l o r o - 4   , 4 ,5 ,   5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e )  
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3  Grams  of  4 , 4 , 5 , 5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e   was  

d i s s o l v e d   in  120  m i l l i l i t e r s   of  water  and  the  s o l u t i o n   p l aced   in  a  

s e a l e d   g l a s s   v e s s e l .   Ch lo r ine   gas  was  i n t r o d u c e d   in to   the  v e s s e l  

u n t i l   the  p r e s s u r e   t h e r e i n   was  in  the  range  of  103-138  kPa  ( 1 5 - 2 0  

5  pounds  per  square  inch)  .  The  r e a c t i o n   v e s s e l   was  m a i n t a i n e d   in  an  i c e  

b a t h ,   i . e . ,   about  5 ° C ,   for  2  to  3  hours .   4  grams  of  a  w h i t e  

c r y s t a l l i n e   so l id   p r e c i p i t a t e d   from  the  r e a c t i o n   m ix tu r e .   The  w h i t e  

s o l i d   was  r e c o v e r e d   from  the  l i q u i d   r e a c t i o n   mix ture   by  f i l t r a t i o n ,  

d r i e d   and  p u r i f i e d   by  r e c r y s t a l l i z a t i o n   from  hexane.   E l e m e n t a l  

10  a n a l y s i s   of  the  p r o d u c t  

( l , 3 - d i c h l o r o - 4 , 4 , 5 , 5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e )   gave  t h e  

f o l l o w i n g   r e s u l t s :   ( c a l c u l a t e d / f o u n d )   X  carbon  3 9 . 8 3 / 3 9 . 9 8 ,   % 

hydrogen   5 . 7 3 0 / 5 . 7 3 5 ,   %  n i t r o g e n   1 3 . 2 7 / 1 3 . 2 4 ,   %  c h l o r i n e   3 3 . 5 9 / 3 3 . 4 8 ,  

%  oxygen  7 . 5 8 / 7 . 2 5 .   The  p roduc t   was  found  to  have  a  s o l u b i l i t y   i n  

15  wa te r   r ang ing   from  0.058  grams  in  100  m i l l i l i t e r s   of  water   at  4°C.  t o  

0.111  grams  in  100  m i l l i l i t e r s   of  water   at  32°  C.  The  p roduc t   had  a  

m e l t i n g   po in t   of  100°C.  ±2°C.  Ana lys i s   of  the  p roduc t   by  p ro ton   3MR 

and  i n f r a r e d   s p e c t r o s c o p y   y i e l d e d   the  fo l lowing   r e s u l t s :   H  HMR 

(CDC13)  6-—  1 .29 (S ,12H) ;   IR  (KBr)  2988,  1735,  1390,  1286,  1159 

20  cm"1.  The  p u r i f i e d   p roduc t   was  s t o r ed   in  an  open  c o n t a i n e r   for  300 

days  and  in  a  c lo sed   c o n t a i n e r   for  560  days  at  room  t e m p e r a t u r e  

( 2 2 ° C ) .   In  both  ca ses ,   t he re   was  no  appa ren t   loss   of  t o t a l   c h l o r i n e  

over  the  t e s t   p e r i o d   w i t h i n   e x p e r i m e n t a l   e r r o r   (±5%  for  i o d o m e t r i c  

t i t r a t i o n s )   . 
25  EXAMPLE  3 

The  s t a b i l i t y   o f  

l , 3 - d i c h l o r o - 4 , 4 , 5 , 5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e   (Compound  A)  i n  

o r g a n i c   demand-f ree   water   was  de te rmined   at  22°  C.  and  pH  va lues   o f  

4 .5 ,   7 .0 ,   and  9.5;   and  at  37°C.  and  pH  va lues   of  7.0  and  9.5,   and  t h e  

30  r e s u l t s   compared  to  f ree   c h l o r i n e   ( s u p p l i e d   by  calc ium  h y p o c h l o r i t e )   . 

Organ ic   demand-f ree   water   (DFW)  is  p repa red   by  t r e a t i n g   d i s t i l l e d ,  

d e i o n i z e d   water   wi th   c h l o r i n e   and  s u n l i g h t   to  remove  comple t e ly   any  

o r g a n i c   load  p r e s e n t   in  the  wa te r .   In  these   e x p e r i m e n t s ,   Compound  A 

and  ca l c ium  h y p o c h l o r i t e   were  s e p a r a t e l y   d i s s o l v e d   in  DFW  ( b u f f e r e d   t o  

35  the  a p p r o p r i a t e   pH)  at  a  c o n c e n t r a t i o n   of  10  m i l l i g r a m s   per  l i t e r  

p o t e n t i a l   p o s i t i v e   c h l o r i n e .   The  t e s t   s o l u t i o n s   were  p l aced   i n  



0 2 3 9 8 9 6  
-  13  -  

s e p a r a t e   f l a s k s ,   which  were  s t oppe red   with  porous ,   s t e r i l e   c o t t o n  

p lugs .   A l iquo t s   were  wi thdrawn  each  week  and  the  p e r c e n t   p o s i t i v e  

c h l o r i n e   remain ing   de te rmined   in  t r i p l i c a t e   by  s t a n d a r d   i o d o m e t r i c  

t i t r a t i o n .   Resu l t s   are  t a b u l a t e d   in  Table  I .  

5  Table  I  

P e r c e n t   Chlor ine   Rema in ing  

Temp.  =  22  °C.  Temp.  =  37  °C. 

£H  4 ^ *   7^0b'  j^5C'   2^£  h i  
10  Compound  A B A B A B A B A B  

Time,  Wks. 

1  99.2  91.8  97.3  91.8  95.  8e  88.9  97.4  83.0  92.8  9 0 . 3  

2  100.0  86.2  95.8  85.0  95.4  79.0  93.8  72.0  85.8  7 7 . 8  

15  3  96.3  80.8  94.3  79.6  94.7  71.2  91.5  57.4  77.2  6 6 . 3  

4  95.3  76.4  92.7  70.6  93.5  60.3  87.7  37.1  72.6  5 2 . 9  

5  93.7  71.5  92.6  63.4  90.8  50.1  85.9  29.1  65.4  4 5 . 8  

6  92.6  65.  0d  92.5  54.  7d  87.2  38.  5d  83.7  14.8  51.8  ND 

20  a.  0.05  Molar  Ace ta t e   B u f f e r  

b.  0.05  Molar  Phosphate   B u f f e r  

c.  0.01  Molar  Borate/NaOH  B u f f e r  

d.  6  weeks  plus  1  day  

e.  1  week  plus  1  day 

25  A  =  l , 3 - d i c h l o r o - 4 , 4 , 5 , 5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e  

B  =  Calcium  H y p o c h l o r i t e  

ND  =  No  D e t e r m i n a t i o n  

The  data  of  Table  I  demons t ra t e   tha t   at  both  22°C.  and 

30  3 7 ° C ,   Compound  A  is  more  s t a b l e   than  calcium  h y p o c h l o r i t e   at  a l l   o f  

the  pHs  t e s t e d .  

EXAMPLE  4 

A  s y n t h e t i c   o rgan ic   demand  water   was  p r epa red   by  mixing  t h e  

fo l lowing   r e agen t s   with  o rgan ic   demand-f ree   water   (DFW)  :  375 

35  m i l l i g r a m s   per  l i t e r   of  each  of  the  i n o r g a n i c   s a l t s ,   calcium  c h l o r i d e ,  

magnesium  c h l o r i d e ,   po ta s s ium  c h l o r i d e ,   and  sodium  c h l o r i d e ;   50 

m i l l i g r a m s   per  l i t e r   of  b e n t o n i t e   c lay;   30  m i l l i g r a m s   per  l i t e r   o f  

humic  ac id ;   0.01  p e r c e n t   f i n a l   c o n c e n t r a t i o n   of  h e a t - t r e a t e d   h o r s e  
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serum;  and  5  x  105  c e l l s   per  m i l l i l i t e r   of  h e a t - k i l l e d   Saccha romyces  

c e r e v i s i a e .   Compound  A  and  calc ium  h y p o c h l o r i t e   were  added  t o  

s e p a r a t e   v e s s e l s   c o n t a i n i n g   the  a f o r e d e s c r i b e d   s y n t h e t i c   o r g a n i c  

demand  wa te r   (WCW)  in  amounts  to  p rov ide   a  c o n c e n t r a t i o n   of  10 

5  m i l l i g r a m s   per  l i t e r   of  p o t e n t i a l   p o s i t i v e   c h l o r i n e .   The  WCW  was 

b u f f e r e d   wi th   0.01  Molar  b o r a t e / s o d i u m   hydrox ide   b u f f e r   to  a  pH  of  9 . 5  

and  cooled   to  4°C.  A l iquo t s   were  wi thdrawn  p e r i o d i c a l l y   and  t h e  

p e r c e n t   p o s i t i v e   c h l o r i n e   remain ing   was  de te rmined   in  t r i p l i c a t e   by  

s t a n d a r d   i o d o m e t r i c   t i t r a t i o n .   R e s u l t s   are  t a b u l a t e d   in  Table  I I .  

10  TABLE  I I  

Pe r cen t   Ch lo r ine   R e m a i n i n g  
in  the  Presence   of  Organic  Demand 

15 
Temp.  -  4 ° C ;   pH  ■  9 . 5  

Time,  Hrs.  (Compound)  A  B 

20  0.5  98.1  5 1 . 5  

1.0  96.8  4 6 . 4  

2.0  96.3  ND 

2.5  ND  3 9 . 6  

4.0  93.6  ND 

25  4.2  ND  3 9 . 6  

7.0  92.6  ND 

7.5  ND  3 6 . 2  

24.0  89.9  3 1 . 3  

48.0  ND  2 5 . 4  

30  49.0  83.0  ND 

73.0  80.9  ND 

76.5  NB  2 1 . 5  

ND  =  No  D e t e r m i n a t i o n  

35  The  data   of  Table  II  show  tha t   Compound  A  is  much  more 

s t a b l e   than  ca lc ium  h y p o c h l o r i t e   in  s y n t h e t i c   o rgan ic   demand  w a t e r  

over  a  p e r i o d   of  about  3  d a y s .  

EXAMPLE  5 

1.42  Grams  (0.01  moles)  of  4  ,  4  ,  5  ,  5 - t e t r a m e t h y l - 2 - i m i d a z o l i -  

40  d inone  was  suspended  in  32  m i l l i l i t e r s   of  a  1  Molar  sodium  h y d r o x i d e  

98.1  5 1 . 5  

96.8  4 6 . 4  

96.3  ND 

ND  3 9 . 6  

93.6  ND 

ND  3 9 . 6  

92.6  ND 

ND  3 6 . 2  

89.9  3 1 . 3  

ND  2 5 . 4  

83.0  ND 

80.9  ND 

ND  2 1 . 5  
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s o l u t i o n   con ta ined   in  a  g l a s s   r e a c t i o n   v e s s e l .   The  suspens ion   was 

warmed  b r i e f l y   to  enhance  s o l u b i l i t y ,   cooled  to  0°C.  in  an  ice  b a t h ,  

and  3.49  grams  (0.0218  moles)  of  l i q u i d   bromine  added  dropwise  w i t h  

s t i r r i n g   over  a  15  minute  pe r iod   at  0°C.  The  r e a c t i o n   mixture   was 

5  s t i r r e d   for  2-3  hours  a d d i t i o n a l   at  i c e - b a t h   t e m p e r a t u r e s .   A  p a l e  

ye l low  so l id   p roduc t   was  p roduced ,   which  was  r ecove red   by  f i l t r a t i o n ,  

washed  with  cold  wa te r ,   and  d r i ed .   P u r i f i c a t i o n   of  the  product   was 

accompl i shed   by  c r y s t a l l i z a t i o n   from  cyc lohexane .   1.9  Grams  o f  

l , 3 - d i b r o m o - 4 , 4 , 5 , 5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e   was  o b t a i n e d .  

10  E lementa l   a n a l y s i s   of  the  p roduc t   y i e lded   the  fo l lowing   r e s u l t s :  

( c a l c u l a t e d / f o u n d )   %  carbon  2 8 . 0 0 / 2 8 . 1 1 ,   %  hydrogen  4 . 0 0 / 4 . 0 4 ,   % 

n i t r o g e n   9 . 3 3 / 9 . 2 3 ,   %  bromine  5 3 . 3 3 / 5 3 . 2 9 .   The  p u r i f i e d   product   is  a  

pale  yel low  c r y s t a l l i n e   s o l i d   with  a  water  s o l u b i l i t y   ranging   f rom 

0.130  grams  in  hundred  m i l l i l i t e r s   of  water  at  4°C.  to  0.225  grams  i n  

15  100  m i l l i l i t e r s   of  water   at  32°C.  Water  s o l u t i o n s   of  the  product   a r e  

c o l o r l e s s   and  o d o r l e s s .   The  p u r i f i e d   product   was  found  to  have  a 

me l t ing   poin t   range  of  119-121°C.  Proton  NMR  and  i n f r a r e d  

s p e c t r o s c o p y   a n a l y s i s   y i e l d e d   the  f o l l owing :   H  NMR  (CDCL_)  5  = 

1.23  (S,  12  H);  IR  (KBr)  2977,  1715,  1391,  1288,  1157  cm"1.  The 

20  p u r i f i e d   product   was  s t o r e d   in  an  open  c o n t a i n e r   for  300  days  and  in  a  

c losed   c o n t a i n e r   for  560  days  at  room  t e m p e r a t u r e .   In  both  c a s e s ,  

the re   was  no  appa ren t   loss   of  t o t a l   bromine  over  the  t e s t   p e r i o d  

w i t h i n   e x p e r i m e n t a l   e r r o r   (±  5%  for  i odome t r i c   t i t r a t i o n s )   . 
EXAMPLE  6 

25  In  accordance   with  the  p rocedure   of  Example  3,  the  s t a b i l i t y  

of  1  , 3 - d i b r o m o - 4 , 4 , 5 , 5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e   (Compound  C)  i n  

DFW  at  22  °C.  and  at  th ree   pH  c o n d i t i o n s   was  de te rmined   and  compared  t o  

calc ium  h y p o c h l o r i t e .   In  these   t e s t s ,   Compound  C  was  d i s s o l v e d   in  DFW 

at  a  c o n -  

30  c e n t r a t i o n   of  22.5  m i l l i g r a m s   per  l i t e r   of  p o t e n t i a l   p o s i t i v e  

bromine.   Calcium  h y p o c h l o r i t e   was  d i s s o l v e d   in  DFW  at  a  c o n c e n t r a t i o n  

of  10  m i l l i g r a m s   per  l i t e r   of  p o t e n t i a l   p o s i t i v e   c h l o r i n e .   The 

a f o r e s a i d   c o n c e n t r a t i o n s   r e p r e s e n t   the  same  molar  h a l o g e n  

c o n c e n t r a t i o n   for  each  compound.  The  t e s t   s o l u t i o n s   were  p laced  i n  

35  f l a s k s   which  were  s t o p p e r e d   with  porous ,   s t e r i l e   co t ton   p l u g s .  

A l i q u o t s   were  wi thdrawn  each  week  and  the  p e r c e n t   p o s i t i v e   bromine  o r  
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p o s i t i v e   c h l o r i n e   r ema in ing ,   as  the  case  may  be,  de te rmined   I n  

t r i p l i c a t e   by  amperometr ic   t i t r a t i o n .   Resu l t s   are  t a b u l a t e d   in  T a b l e  

I I I .  
TABLE  I I I  

5  Pe rcen t   Halogen  Remaining  ( 2 2 ° C . )  

pH  4.5s*  J ^ '   9 . 5 ° -  
Compound  G  B  C  B  C  B 

Time,  Wks. 

10  1  95.0  91.8  96.6  91.8  96.  5e  8 8 . 9  

2  94.9  86.2  95.1  85.0  ND  7 9 . 0  

3  94.2  80.8  87.6  79.6  92.0  7 1 . 2  

4  90.9  76.4  95.4  70.6  89.6  6 0 . 3  

5  89.9  71.5  81.7  63.4  87.1  50 .1  

15  6  88.8  65.  0d  77.3  54.  7d  82.3  38.  5d 

a.  0.05  Molar  Ace ta te   B u f f e r  

b.  0.05  Molar  Phosphate   B u f f e r  

c.  0.01  Molar  Borate/NaOH  B u f f e r  

d.  6  weeks  plus   1  day  

20  e.  I  week  plus   1  day 

C  =  l , 3 - d i b r o m o - 4 , 4 , 5 , 5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e  

B  =  Calcium  H y p o c h l o r i t e  

ND  =  No  D e t e r m i n a t i o n  

25  The  data   of  Table  I I I   demons t r a t e   tha t   Compound  C  is  s i g n i f i -  

c a n t l y   more  s t a b l e   than  calc ium  h y p o c h l o r i t e   over  the  measured  p e r i o d  

at  22°C-  at  the  pH  v a l u e s ,   4 .5,   7.0  and  9.5  in  DFW.  At  3 7 ° C ,  

Compound  C  was  found  to  be  l ess   s t a b l e   in  DFW  than  c a l c i u m  

h y p o c h l o r i t e   at  t h i s   h ighe r   t e m p e r a t u r e   and  at  the  a f o r e s a i d   three   pH 

30  v a l u e s .  

In  s y n t h e t i c   o rgan ic -demand   water   (WCW)  ,  Compound  C  i s  

a p p r o x i m a t e l y   equal   in  s t a b i l i t y   to  f ree   c h l o r i n e   from  c a l c i u m  

h y p o c h l o r i t e   -  both  having  a  h a l f   - l i f e   of  a p p r o x i m a t e l y   60  m i n u t e s .  

I t   appears   from  the  above  da ta   and  tha t   of  Examples  3  and  4 

35  t ha t   Compound  C  is  less   s t a b l e   at  high  t e m p e r a t u r e s ,   e . g . ,   3 7 ° C ,   t h a n  

Compound  A.  I t   f u r t h e r   appears   t h a t   Compound  C  is  more  r e a c t i v e   i n  

the  p r e s e n c e   of  an  organic   load  than  the  c o r r e s p o n d i n g   c h l o r i n a t e d  

compound  (Compound  A)  . 
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EXAMPLE  7 
0.3  Grains  (2.11  m i l l i m o l e s )   o f  

4 , 4 , 5 , 5 - t e t r a m e t h y l - 2 - i m i d a z o l l d i n o n e   was  added  to  a  r e a c t i o n   f l a s k  
c o n t a i n i n g   12  m i l l i l i t e r s   of  methylene   c h l o r i d e   and  0.24  grains  (2 .21  

5  m i l l i m o l e s )   of  t e r t i a r y   buty l   h y p o c h l o r i t e .   The  r e s u l t i n g   s u s p e n s i o n  
was  s t i r r e d   at  room  t e m p e r a t u r e ,   I . e . ,   about  2 5 ° C ,   for  3  h o u r s .  
Light  was  excluded  from  the  f l a s k   by  wrapping  i t   with  an  opaque 
m a t e r i a l .   The  p rog re s s   of  the  c h l o r i n a t i o n   r e a c t i o n   was  moni tored   by 
s p o t t i n g   small  a l i q u o t s   on  a  th in   l aye r   chromatography   p l a t e   and 

10  e l u t i n g   with  methylene  c h l o r i d e .   The  c h l o r i n a t i o n   r e a c t i o n   was 
t e r m i n a t e d   when  a  spot  c o r r e s p o n d i n g   to  the  d i c h l o r o   ana log ,   i . e . ,  
l , 3 - d i c h l o r o - 4 , 4 , 5 , 5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e ,   f i r s t   a p p e a r e d .  
The  r e a c t i o n   mix ture   was  then  f i l t e r e d   to  remove  u n r e a c t e d   s t a r t i n g  
m a t e r i a l   and  the  f i l t r a t e   evapora t ed   on  a  r o t a r y   e v a p o r a t o r   to  y i e l d  

15  0.312  grams  of  the  monochloro  d e r i v a t i v e ,   i . e . ,  
l - c h l o r o - 4 , 4 , 5 , 5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e .   The  monoch lo ro  
d e r i v a t i v e   was  p u r i f i e d   of  any  d i c h l o r o   analog  by  pass ing   the  c r u d e  
product   through  a  s i l i c a   gel  column  and  s e p a r a t i n g   the  d i c h l o r o   a n a l o g  
by  e l u t i n g   the  column  with  methylene  c h l o r i d e .   The  monochloro  a n a l o g  

20  may  be  e lu t ed   from  the  column  using  d i e t h y l   e t h e r .   The  a f o r e s a i d  
s y n t h e s i s   of  the  monochloro  d e r i v a t i v e   was  r e p e a t e d   to  ob ta in   a 
s u f f i c i e n t   q u a n t i t y   t he r eo f   to  con t inue   with  the  f o l l o w i n g  
s y n t h e s i s .  

0.50  Grams  (2.83  m i l l i m o l e s )   of  the  monochloro  d e r i v a t i v e  
25  was  added  to  0.51  grams  (2.86  m i l l i m o l e s )   of  N-bromosucc in imide   in  5 

m i l l i l i t e r s   of  methylene  c h l o r i d e .   The  r e a c t i o n   mixture   was  s t i r r e d  
for  from  2  to  3  hours  at  room  t e m p e r a t u r e   (about  25  °C)  .  The  p r o g r e s s  
of  the  r e a c t i o n   was  moni tored  by  s p o t t i n g   a  small   a l i q u o t   of  t h e  
r e a c t i o n   mixture   on  a  thin  l ayer   chromatography   p l a t e   and  e l u t i n g   w i t h  

30  methylene  c h l o r i d e .   After   the  r e a c t i o n   was  complete ,   the  so lven t   was 
evapora ted   on  a  r o t a r y   e v a p o r a t o r .   The  crude  p r o d u c t ,  
1  - b r o m o - 3 - c h l o r o - 4   ,4 ,5 ,   5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e   ,  was  p u r i f i e d  
of  N-bromosucc in imide   by  use  of  column  chromatography  ( s i l i c a   g e l  
co lumn-methylene   c h l o r i d e   e luen t )   .  The  r e s u l t i n g   product   was  f u r t h e r  

35  p u r i f i e d   by  c r y s t a l l i z a t i o n   from  cyc lohexane   and  submi t t ed   f o r  
e l emen ta l   a n a l y s i s ,   which  y i e l d e d :   ( c a l c u l a t e d / f o u n d ) ,   %  c a r b o n  
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3 2 . 9 4 / 3 2 . 9 0 ,   %  hydrogen  4 . 7 0 / 4 . 7 5 ,   %  n i t r o g e n   1 0 . 9 8 / 1 1 . 0 0 ,   %  b r o m i n e  

3 1 . 3 7 / 3 1 . 3 7 ,   %  c h l o r i n e   1 3 . 9 2 / 1 3 . 8 4 .   The  p r o d u c t   was  a  pale  y e l l o w  

c r y s t a l l i n e   s o l i d   having  a  water   s o l u b i l i t y   of  0.183  grains  per  h u n d r e d  

m i l l i l i t e r s   of  water   at  22°C.  The  water   s o l u t i o n   is  c o l o r l e s s   and  

5  o d o r l e s s .   The  p roduc t   has  a  me l t i ng   po in t   range  of  1  02-1  04°  C.  P r o t o n  

NMR  and  i n f r a r e d   s p e c t r o s c o p y   y i e l d e d   the  f o l l o w i n g :   H  HMR 

(CDC1  )  6  =  1.23  (S,  6H),  6  =  1.28  (S,  6H)  ;  IR  (KBr)  2982,  1709,  

1387,  1289,  1158  cm"1.  

EXAMPLE  8 

10  In  a cco rdance   wi th   the  p rocedu re   of  Example  3,  t h e  

s t a b i l i t i e s   of  l - b r o m o - 3 - c h l o r o - 4 , 4 , 5   , 5 - t e t r a m e t h y l - 2 - l m i d a z o l i d x n o n e  

(Compound  D)  and  ca lc ium  h y p o c h l o r i t e   at  22°C.  and  at  th ree   pHs,  i . e . ,  

4 .5 ,   7.0  and  9.5  were  compared.  In  these   t e s t s ,   ca lc ium  h y p o c h l o r i t e  

was  d i s s o l v e d   in  b u f f e r e d   DFW  at  a  c o n c e n t r a t i o n   of  10  m i l l i g r a m s   p e r  

15  l i t e r   t o t a l   p o s i t i v e   c h l o r i n e   and  Compound  D  d i s s o l v e d   in  b u f f e r e d   DFW 

at  a  c o n c e n t r a t i o n   of  16.27  m i l l i g r a m s   per  l i t e r   t o t a l   o x i d a n t  

( p o t e n t i a l   p o s i t i v e   c h l o r i n e   and  p o t e n t i a l   p o s i t i v e   bromine)  .  These  

c o n c e n t r a t i o n s   r e p r e s e n t   the  same  molar  ha logen   c o n c e n t r a t i o n   for  e a c h  

compound  in  the  b u f f e r e d   DFW.  The  s o l u t i o n s   were  s t o r e d   in  f l a s k s  

20  which  were  s topped  wi th   porous ,   s t e r i l e   c o t t o n   p l u g s .   A l iquo t s   w e r e  

wi thdrawn  each  week  and  the  p e r c e n t   p o s i t i v e   c h l o r i n e   (in  the  case  o f  

ca lc ium  h y p o c h l o r i t e )   ,  or  the  p e r c e n t   p o s i t i v e   c h l o r i n e   and  p e r c e n t  

p o s i t i v e   bromine  (in  the  case  of  Compound  D)  were  de t e rmined   i n  

t r i p l i c a t e   by  amperomet r i c   or  i o d o m e t r i c   t i t r a t i o n   for  c a l c i u m  

25  h y p o c h l o r i t e ,   and  i o d o m e t r i c   t i t r a t i o n   for  Compound  D.  R e s u l t s   a r e  

t a b u l a t e d   in  Table  IV .  

TABLE  IV 

P e r c e n t   Halogen  Remaining  (22°C)  

pH  4.5**  J j ^ '   J b l ° '  

Compound  D  B  D  B  D  B 

Time,  Wks. 

1  74.4  91.8  96.9  91.8  94.3  8 8 . 9  

2  74.  5d  86.2  95.6  85.0  92.2  7 9 . 0  

3  73.  3e  80.8  m  79.6  87.7s  7 1 . 2  

4  71.5  76.4  85.6  70.6  83.4  6 0 . 3  

5  70.2  71.5  85.4  63.4  80.6  50 .1  

6  67.  3f  65.  0f  84.5  54.  7f  73.4  3 8 . 5  

30 

35 
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a.  0.05  Molar  Ace ta te   B u f f e r  

b.  0.05  Molar  Phosphate   B u f f e r  

c.  0.01  Molar  Borate/NaOH  B u f f e r  

5  d.  2  weeks  plus  1  day  

e.  2  weeks  plus  3  d a y s  
f  .  6  weeks  plus  1  day  

g.  3  weeks  plus  3  days  

D  -  l - b r o m o - 3 - c h l o r o - 4 , 4 , 5 , 5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e  

10  B  -  Calcium  H y p o c h l o r i t e  

ND  ■  No  D e t e r m i n a t i o n  

The  data  of  Table  IV  show  t h a t   at  a  pH  of  4.5,   Compound  D  i s  

i n i t i a l l y   less   s t a b l e   than  calc ium  h y p o c h l o r i t e ;   but  tha t   i t s  

15  s t a b i l i t y   qu ick ly   s t a b i l i z e s .   At  h i g h e r   pHs;  namely  at  a  pH  of  7.0  o r  
9.5,  Compound  D  is  s i g n i f i c a n t l y   more  s t a b l e   than  c a l c i u m  

h y p o c h l o r i t e   . 
EXAMPLE  9 

In  accordance   with  the  p rocedu re   of  Example  4,  t h e  

20  s t a b i l i t i e s   of  Compound  D  and  ca lc ium  h y p o c h l o r i t e   at  pH  9.5  and  a  

t e m p e r a t u r e   of  4°C.  in  water   c o n t a i n i n g   a  heavy  organic   load  (WCW) 

were  de t e rmined .   R e s u l t s   are  t a b u l a t e d   in  Table  V. 

TABLE  V 

25  Pe rcen t   Halogen  Remain ing  
in  Presence   of  Organic  Demand 

Temp.  =  4 ° C ;   pH  =  9 . 5  
Time,  Hrs.  (Compound)  D  B 

30 
0.5  68.3  5 1 . 5  

1.0  64.2  4 6 . 4  

4.2  ND  3 9 . 6  

6.0  56.1  ND 

35  24.0  ND  3 1 . 3  

24.2  53.5  ND 

76.5  '  ND  21 .5  

99.0  50.3  ND 

ND  =  No  D e t e r m i n a t i o n  
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The  data   of  Table  V  shows  t h a t   Compound  D  is  s i g n i f i c a n t l y  

more  s t a b l e   than  ca lc ium  h y p o c h l o r i t e   at  the  c o n d i t i o n s   t e s t e d .  

EXAMPLE  10 

5  ( P r e p a r a t i o n   of  1  , 3 - D i c h l o r o - 4 , 4 , 5 - T r i m e t h y l - 2 - I m i d a z o l i d i n o n e )  

N i t r o s y l   c h l o r i d e   was  d i s t i l l e d   s lowly  in to   a  r e a c t i o n   f l a s k  

c o n t a i n i n g   a  s t o i c h i o m e t r i c   excess   of  anhydrous   2 - m e t h y l - 2 - b u t e n e  

whi le   m a i n t a i n i n g   the  c o n t e n t s   of  the  r e a c t i o n   f l a s k   between  about  - 8  

and  -5°C.  by  means  of  an  a c e t o n e - i c e   s l u r r y .   The  r e a c t i o n   s o l u t i o n  

10  became  l i g h t   blue  and  a  whi te   c r y s t a l l i n e   s o l i d   p r e c i p i t a t e d   out  o f  

s o l u t i o n .   The  r e a c t i o n   m ix tu re   was  a l lowed  to  s tand  at  -5°C.  f o r  

about   2  hours  and  then  cooled  to  about  -20°  C.  with  an  a c e t o n e - d r y   i c e  

s l u r r y .   The  whi te   s o l i d   p r o d u c t ,   2 - c h l o r o - 2 - m e t h y l - 3 - n i t r o s o b u t a n e ,  

was  removed  on  a  p r e c o o l e d   f i l t e r ,   washed  s e v e r a l   t imes  with  c o l d  

15  m e t h a n o l   and  d r i e d   under  vacuum.  

2 - c h l o r o - 2 - m e t h y l - 3 - n i t r o s o b u t a n e   was  added  s lowly   to  a  

s a t u r a t e d   a b s o l u t e   methanol -ammonia   s o l u t i o n   at  0cC.  The  mix ture   was 

a l l owed   to  s tand  o v e r n i g h t   at  0°C.  and  then  a l lowed  to  warm  to  room 

t e m p e r a t u r e .   The  r e a c t i o n   m ix tu re   was  r e f l u x e d   for  12  hours  w h i l e  

20  p a s s i n g   a  c o n t i n u o u s   s t ream  of  ammonia  through  the  s o l u t i o n .   The 

l i q u i d   r e a c t i o n   mix tu re   was  e v a p o r a t e d   to  dryness   under  vacuum  t o  

p roduce   a  s o l i d .   This  s o l i d   was  s e p a r a t e d   from  ammonium  c h l o r i d e  

i m p u r i t y   by  e x t r a c t i o n   wi th   b o i l i n g   s econdary   b u t y l   a l c o h o l .   The 

r e s i d u e   from  the  secondary   b u t y l   a l c o h o l   e x t r a c t i o n s   c o n t a i n e d   t h e  

25  p r o d u c t   2 - a m i n o - 2 - m e t h y l - 3 - b u t a n o n e   oxime  hydro  c h l o r i d e   . 

15.25  Grams  of  2 - a m i n o - 2 - m e t h y l - 3 - b u t a n o n e   oxime 

h y d r o c h l o r i d e   were  d i s s o l v e d   in  dry  b u t a n o l   con t a ined   in  a  1 - l i t e r  

r o u n d - b o t t o m   f l a s k   equipped  wi th   a  r e f l u x   condenser>  and  the  r e s u l t i n g  

s o l u t i o n   h e a t e d   to  b o i l i n g .   26  Grams  of  sodium  were  added  in  s m a l l  

30  p i e c e s   to  the  r e f l u x i n g   s o l u t i o n .   The  r e a c t i o n   mix ture   was  r e f l u x e d  

for  2  hours   u n t i l   a l l   of  the  sodium  had  d i s s o l v e d .   Upon  c o o l i n g ,  

s o l i d   sodium  b u t o x i d e   p r e c i p i t a t e d .   300  M i l l i l i t e r s   of  water   w e r e  

added  to  the  l i q u i d   r e a c t i o n   m i x t u r e ,   which  was  then  steamed  d i s t i l l e d  

u n t i l   the  d i s t i l l a t e   was  no  longer   a l k a l i n e .   Then,  30  m i l l i l i t e r s   o f  

35  c o n c e n t r a t e d   h y d r o c h l o r i c   acid   were  added  to  the  d i s t i l l a t e ,   and  t h e  

a c i d i f i e d   d i s t i l l a t e   c o n c e n t r a t e d   to  70  m i l l i l i t e r s .   The  c o n c e n t r a t e  

c o n t a i n e d   the  p roduc t   2  ,  3 - d i a m i n o - 2 - m e t h y l b u t a n e   as  a  h y d r o c h l o r i d e .  
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30  M i l l i l i t e r s   of  10  Normal  sodium  hydrox ide   were  i n t r o d u c e d  
in to   the  c o n c e n t r a t e d   d i s t i l l a t e   and  phosgene  s lowly  bubbled  t h r o u g h  
the  s o l u t i o n   for  2  hours  u n t i l   the  s o l u t i o n   ach ieved   a  pH  of  a b o u t  
7.0.   The  crude  so l id   p roduc t   ( 4 , 4 , 5 - t r i m e t h y l - 2 - i m i d a z o l i d i n o n e )   was 

5  f i l t e r e d ,   d r i ed ,   and  c r y s t a l l i z e d   from  tnethylene  c h l o r i d e .  
A  g lass   r e a c t i o n   v e s s e l   was  charged  with  10  m i l l i l i t e r s   of  a  

2.35  Normal  sodium  hydrox ide   s o l u t i o n   of  one  gram  (0.0078  mole)  o f  
4 , 4 , 5 - t r i m e t h y l - 2 - i m i d a z o l i d i n o n e .   The  g l a s s   r e a c t i o n   v e s s e l   was 
sea led   and  then  charged  with  c h l o r i n e   gas  to  a  p r e s s u r s   of  8-10  pounds  

10  per  square  inch  and  the  r e a c t i o n   v e s s e l   held  at  tha t   p r e s s u r e   a t  
i c e - b a t h   t e m p e r a t u r e s   for  30-45  minu tes .   T h e r e a f t e r ,   the  r e a c t i o n  
mixture   was  brought   to  ambient  t e m p e r a t u r e   and  the  product   e x t r a c t e d  
with  methylene  c h l o r i d e .   The  o rgan ic   l aye r   was  dr ied   b r i e f l y   o v e r  
anhydrous  sodium  s u l f a t e   and  the  methylene   c h l o r i d e   so lven t   removed 

15  us ing  a  r o t a r y   e v a p o r a t o r .   The  p r o d u c t  
( l , 3 - d i c h l o r o - 4 , 4 , 5 - t r i m e t h y l - 2 - i m i d a z o l i d i n o n e )   was  a  c o l o r l e s s   o i l ,  
which  s o l i d i f i e d   on  r e f r i g e r a t i o n .   P u r i f i c a t i o n   of  the  product   was 
performed  by  pass ing   the  l i q u i d   p roduc t   th rough  a  s i l i c a   gel  column 
and  e l u t i n g   with  methylene   c h l o r i d e .  

20  The  p u r i f i e d   p roduc t   had  a  me l t i ng   t e m p e r a t u r e   near  room 
t e m p e r a t u r e   and  was  so lub l e   in  water .   Water  s o l u t i o n s   of  the  p r o d u c t  
were  c o l o r l e s s   and  o d o r l e s s .   An  e l e m e n t a l   a n a l y s i s   of  the  p r o d u c t  
y i e l d e d   the  fo l lowing   r e s u l t s :   ( c a l c u l a t e d / f o u n d )   %  c a r b o n  
3 6 . 5 4 / 3 5 . 7 8 ,   %  hydrogen  5 . 0 7 / 5 . 1 7 ,   %  n i t r o g e n   1 4 . 2 1 / 1 4 . 1 7 ,   %  c h l o r i n e  

25  3 6 . 0 4 / 3 6 . 3 1 .   Proton  NMR  and  i n f r a r e d   s p e c t r o s c o p y   a n a l y s i s   of  t h e  
produc t   y i e l d e d   the  f o l l o w i n g   r e s u l t s :   H  NMR  (CDC1  §  =  1.22  (U, 
3H),  <S:=  1.33  (u,  6H),  ^  =  3.43  (q,  1H)  ;  IR  (KBr)  2985,  2940,  1748, 
1285  cm"1. 

EXAMPLE  11 
30  In  accordance   with  the  p rocedure   d e s c r i b e d   in  Example  3,  t h e  

s t a b i l i t y   of  l , 3 - d i c h l o r o - 4 , 4 , 5 - t r i m e t h y l - 2 - i m i d a z o l i d i n o n e   (Compound 
E)  was  t e s t e d   at  22°C.  at  th ree   pH  va lues   in  DFW.  The  s t a b i l i t y   was 
compared  with  tha t   of  ca lc ium  h y p o c h l o r i t e .   In  those  t e s t s ,   t h e  
compounds  were  d i s s o l v e d   in  DFW  water   at  a  c o n c e n t r a t i o n   of  10 

35  m i l l i g r a m s   per  l i t e r   of  p o t e n t i a l   p o s i t i v e   c h l o r i n e   in  f l a sks   which  
were  s toppe red   with  porous ,   s t e r i l e   co t ton   p lugs .   Al iquo ts   were  
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w i thdrawn   each  week  and  the  p e r c e n t   p o s i t i v e   c h l o r i n e   r e m a i n i n g  

d e t e r m i n e d   In  t r i p l i c a t e   by  s t a n d a r d   i o d o m e t r i c   t i t r a t i o n .   R e s u l t s  

are  t a b u l a t e d   In  Table  VI .  

TABLE  VI 

5  Pe r cen t   Ch lo r ine   Remaining  (22°  C) 

pH  
"  4.5a>  7.0b*  9.5C* 

Compound  D  B  D  B  D  B 
Time,  Wks. 

10  e  1  98.7  91.8  94.  le  91.8  88.2  8 8 . 9  

2  97.9  86.2  91.3  85.0  78.4  7 9 . 0  

3  97.1  80.8  88.0  79.6  73.1  7 1 . 2  

4  97.3  76.4  86.9  70.6  67.8  6 0 . 3  

15  5  95.7  71.5  82.4  63.4  58.6  50 .1  

6  93.6  65.  0d  80.1  54.  7d  53.6  38.  5d 

a.  0.05  Molar  A c e t a t e   B u f f e r  

b.  0.05  Molar  Phospha te   B u f f e r  

20  c.  0.01  Molar  Borate/NaOH  B u f f e r  

d.  6  weeks  p lus   1  day  

e.  1  week  p lus   1  d a y  

E  =  l , 3 - d i c h l o r o - 4 , 4 , 5 - t r i m e t h y l - 2 - i m i d a z o l I d i n o n e  

B  =  Calc ium  H y p o c h l o r i t e  

25 

The  da ta   of  Table  VI  show  t h a t   Compound  E  is  more  s t a b l e  

than  ca l c ium  h y p o c h l o r i t e   in  o rgan i c   demand- f r ee   water   at  22°  C.  at  a l l  

of  the  pH  v a l u e s   t e s t e d .  

EXAMPLE  12 

30  The  s t a b i l i t y   of  ca lc ium  h y p o c h l o r i t e   and  Compound  E  were  

t e s t e d   in  a c c o r d a n c e   with  the  p rocedu re   of  Example  4  in  s y n t h e t i c  

o r g a n i c   demand  wate r   at  pH  9.5  and  4°C.  R e s u l t s   are  t a b u l a t e d   i n  

Table  V I I .  
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TABLE  V I I  

Percen t   Chlor ine   R e m a i n i n g  
in  Presence  of  Organic  Demand 

pH  «  9.5:;  Temp.  -  4°C.  

Time,  Hrs.  (Compound)  E  B 

10 
°-5  93.0  5 1 . 5  
1'°  93.0  4 6 . 4  
4-°  87.5  ND 
4«2  ND  3 9 . 6  

15  24.0  76.5  31#3 
73'4  65.0  ND 
76-5  ND  2 1 . 5  
ND  =  No  D e t e r m i n a t i o n  

20  The  data   of  Table  VII  shows  t h a t   Compound  E  is  much  more 
s t a b l e   than  ca lc ium  h y p o c h l o r i t e   at  the  c o n d i t i o n s   t e s t e d .  

EXAMPLE  13 
The  2 - i m i d a z o l i d i n o n e   d e r i v a t i v e   compounds  of  Examples  2,  5 ,  

7,  and  10;  namely  Compounds  A,  C,  D  and  E,  were  t e s t e d   as  t o x i c a n t s  
25  for  v a r i o u s   o rgan i sms .   In  the  p rocedure   for   t e s t s   a g a i n s t   b a c t e r i a ,  

50  m i l l i l i t e r s   of  o rgan ic   demand-free   b u f f e r e d   aqueous  s o l u t i o n s   (DFW) 
or  b u f f e r e d   aqueous  s o l u t i o n s   c o n t a i n i n g   a  s y n t h e t i c   o rgan ic   demand 
(WCW)  were  p laced   in  a  125  m i l l i l i t e r   f l a s k   and  then  i n o c u l a t e d   w i t h  
the  organism  to  be  t e s t e d   such  t ha t   the  f i n a l   d e n s i t y   of  the  o r g a n i s m  

30  was  about  1  x  10  cfu/ml   (colony  forming  u n i t s   per  m i l l i l i t e r )   .  The 
i n o c u l a t e d   s o l u t i o n   was  al lowed  to  e q u i l i b r a t e   at  the  t e s t   t e m p e r a t u r e  
by  immersion  in  a  t h e r m o s t a t e d   water   bath  for  15  minutes   with  c o n s t a n t  
s t i r r i n g .   Then,  an  a p p r o p r i a t e   amount  of  an  aqueous  s o l u t i o n  
c o n t a i n i n g   the  t e s t   2 - i m i d a z o l i d i n o n e   compound  m a i n t a i n e d   at  the  same 

35  t e s t   t empera tu re   was  added  to  the  i n o c u l a t e d   s o l u t i o n   to  br ing   t h e  
t o t a l   c o n c e n t r a t i o n   of  i o n i z a b l e   p o s i t i v e   ha logen ,   i . e . ,   c h l o r i n e ,  
bromine  or  c h l o r i n e   and  bromine,   in  the  mix ture   to  a  p r e d e t e r m i n e d  
l e v e l .   (The  c o n c e n t r a t i o n s   used  in  s e p a r a t e   t e s t   p rocedures   were  10 
p a r t s   per  m i l l i o n ,   5  pa r t s   per  m i l l i o n ,   2.5  p a r t s   per  m i l l i o n ,   and  1 

40  par t   per  m i l l i o n   for  Compounds  A  and  E,  and  the  t o t a l   halogen  m o l a r  
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e q u i v a l e n t s   for  Compounds  C  and  D)  .  1  m i l l i l i t e r   a l i q u o t s   w e r e  

removed  from  the  t e s t   mix tu re   at  v a r i o u s   p r e d e t e r m i n e d   t imes  and  

quenched  by  1  m i l l i l i t e r   p o r t i o n s   of  s t e r i l e   0.02  Normal  sod ium 

t h i o s u l f a t e .   S e r i a l   d i l u t i o n s   of  the  a l i q u o t s   were  made  in to   s t e r i l e  

5  s a l i n e .   Then,  t h r ee   25  m i c r o l i t e r   a l i q u o t s   of  each  of  the  r e s u l t i n g  

d i l u t i o n s   were  a p p l i e d   to  the  d r i e d   s u r f a c e   of  a  P e t r i   d ish   c o n t a i n i n g  

the  a p p r o p r i a t e   growth  media  for  p l a t i n g   the  organism  under  s t u d y .  

The  t h r e e   r e p l i c a t e s   for  each  d i l u t i o n   were  counted  and  a v e r a g e d .  

This  a v e r a g e   was  used  to  compute  the  c fu /ml   for  t ha t   p a r t i c u l a r  

10  a l i q u o t .   I n a c t i v a t i o n   of  the  o rganism  was  c o n s i d e r e d   to  be  at  l e a s t  

99.999  p e r c e n t   when  no  c o l o n i e s   were  d e t e c t e d   in  the  t h i o s u l f a t e  

quenched  a l i q u o t s .   The  CT  p r o d u c t s   ( the  p roduc t   of  m u l t i p l y i n g   t h e  

t e s t   c o n c e n t r a t i o n   in  m i l l i g r a m s   / l i t e r   of  p o s i t i v e   c h l o r i n e   and  t h e  

k i l l   t ime  in  minutes)   for  comple te   k i l l   of  the  v a r i o u s   organisms  w e r e  

15  d e t e r m i n e d .   P r o t o c o l s   for  t e s t s   a g a i n s t   p ro tozoa   may  be  found  in  t h e  

r e p o r t ,   "New  D i s i n f e c t i o n   Agents  For  Water"  by  S.  D.  Worley  et  a l . ,  

a v a i l a b l e   from  NTIS,  Report   No.  AD-1  49537.  R e s u l t s   are  t a b u l a t e d   i n  

Table   V I I I .  
TABLE  V I I I  

>O  CT  PRODUCT  VALUES 

Test  Compound 

Organism  Test  C o n d i t i o n s   A  £  P_  5. 

S t a p h l o c o c c u s   PH  7.0,   2 2 ° C ,   DFW  716-1400  9.78  36.32  511 

au reus   pH  4.5,   22°C.  ,  DFW  1295  2.44  13.02  605 

?5  pH  9.5,   2 2 ° C ,   DFW  522.6  3.28  14.07  336 

pH  9.5,   4 ° C ,   DFW  4355  25.13  651  1372 

pH  9.5,   4 ° C ,   WCW  9679  291-6270  174-2282  1292 

S h i g e l l a   pH  7.0,   2 2 ° C ,   DFW  26  9.70  15.09  ND 

30  b o y d i i   p H 9 . 5 ,   4°C.,WCW  ND  148-314  249-446  ND 

«w  q  *  L°C...  DFW  ND  24.82  ND  ND 

1250 pH  7.0,   2 5 ° C ,   DFW  2355 6330 ND C e r a t o c y s t i s  

c e r u l e s c e n s  
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Entamoeba  pH  7.0,  2 5 ° C ,   DFW  4-10  <  2  ND  2 -4  
i n v a d e n s  

5  G i a r d l a   l ambl l a   pH  7.0,  2 5 ° C ,   DFW  4-10  <  2  ND  <  2 

L e g i o n e l l a   pH  7.0,  2 2 ° C ,   DFW  300-600  ND  ND  <  120 
p n e u m o p h i l a  

10  a.  ND  =  No  D e t e r m i n a t i o n  

EXAMPLE  14 

Compound  A  was  added  to  DFW  having  a  pH  7.0  and  a  
t e m p e r a t u r e   of  22°C.  in  amounts  s u f f i c i e n t   to  p rov ide   a  c o n c e n t r a t i o n  

15  of  2  m i l l i g r a m s   per  l i t e r   of  p o t e n t i a l   p o s i t i v e   c h l o r i n e .   T h i s  
s o l u t i o n   was  c h a l l e n g e d   with  10  cfu/ml  of  S t a p h y l o c o c c u s   a u r e u s  
b a c t e r i a   (time  0)  and  then  r e c h a l l e n g e d   r e p e t i t i v e l y   at  t imes  96 
hours ,   264  hours ,   432  hours ,   744  hours ,   1080  hours  and  1416  h o u r s .  
The  time  r e q u i r e d   to  d i s i n f e c t   the  s o l u t i o n ,   i . e . ,   the  time  r e q u i r e d  

20  for  complete  d i s i n f e c t i o n   for  a  6  log  r e d u c t i o n   in  v i a b l e   o r g a n i s m ,  
ranged  from  90  to  240  minutes .   No  more  c h a l l e n g e s   with  the  o r g a n i s m  
were  made  a f t e r   1416  hours;   however,  t o t a l   d i s i n f e c t i o n   by  Compound  A 
s t i l l   occur red   at  tha t   time.  In  compar ison,   ca lc ium  h y p o c h l o r i t e  
su rv ived   c h a l l e n g e s   only  at  times  0  and  72  hours  at  a  c o n c e n t r a t i o n  

25  l e v e l   of  1  m i l l i g r a m   per  l i t e r   of  p o t e n t i a l   p o s i t i v e   c h l o r i n e   u n d e r  
the  a f o r e s a i d   c o n d i t i o n s   of  t e m p e r a t u r e   and  pH  -  l o s i n g   i t s   a b i l i t y   t o  
d i s i n f e c t   between  72  and  96  h o u r s .  

EXAMPLE  15 

The  p rocedure   of  Example  14  was  fo l lowed  us ing  the  Compound 
30  C.  The  s o l u t i o n   con ta ined   2.25  m i l l i g r a m s   per  l i t e r   of  p o t e n t i a l  

p o s i t i v e   bromine  and  was  cha l l enged   with  the  b a c t e r i a   S.  aureus   a t  
times  0,  72  hours ,   96  hours ,   120  hours  and  144  hours .   The  s o l u t i o n  
l o s t   i t s   e f f e c t i v e n e s s   to  d i s i n f e c t   between  120  and  144  h o u r s .  

EXAMPLE  16 
35  The  p rocedure   of  Example  14  was  fo l lowed  u t i l i z i n g   Compound 

E.  The  s o l u t i o n   con t a ined   1  m i l l i g r a m   per  l i t e r   of  p o t e n t i a l   p o s i t i v e  
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c h l o r i n e   and  was  c h a l l e n g e d   r e p e t i t i v e l y   with  10  c fu /ml   o f  

S.  au reus   at  t imes  0,  96  h o u r s ,   264  hours ,   432  hours ,   744  hours ,   1080 

hours   and  1416  hours .   The  s o l u t i o n   did  not  lose   i t s   a b i l i t y   t o  

d i s i n f e c t   u n t i l   a f t e r   the  1080  hour  c h a l l e n g e .   By  compar ison   a  1 

5  m i l l i g r a m / l i t e r   s o l u t i o n   of  p o t e n t i a l   p o s i t i v e   c h l o r i n e   from  c a l c i u m  

h y p o c h l o r i t e   becomes  i n e f f e c t i v e   as  a  d i s i n f e c t a n t   be tween   72  and  96 

hours   under   the  same  t e s t   c o n d i t i o n s .  
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What  is  Claimed  i s :  

1.  N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   r e p r e s e n t e d   by  t h e  
g raph ic   f o r m u l a :  

5  R j - f - C - R ,  
X^—N  N—  X 

I  

wherein   X  and  X1  are  each  halogen  s e l e c t e d   from  the  group  c h l o r i n e   and 
10  bromine,   Rj,  R,,,  R3>  R  ̂ are  each  s e l e c t e d   from  the  g roup  

c o n s i s t i n g   of  hydrogen,   Cj-C^  a l k y l ,   Cj-C^  a lkoxy,   h y d r o x y ,  
and  s u b s t i t u t e d   phenyl ,   said  phenyl  s u b s t i t u e n t s   being  each  s e l e c t e d  

'  from  the  group  c o n s i s t i n g   of  Cj-C^  a l k y l ,   C.-C,  a lkoxy,   and  
hydroxy,   p rovided   tha t   not  more  than  one  of  the  s u b s t i t u e n t s   R . - R ,  1  4 

15  is  hydrogen,   p rov ided   f u r t h e r   that   when  both  X  and  X1  are  c h l o r i n e ,  
not  more  than  th ree   of  the  s u b s t i t u e n t s   Rj-R.  are  m e t h y l .  

2.  N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   acco rd ing   to  claim  1 
wherein   X  and  X'  are  bromine,   and  the  s u b s t i t u e n t s   R.-R.  are  e a c h  1  4 
s e l e c t e d   from  the  group  Cj - t^   a l k y l ,   Cj-C^  a lkoxy,   hydroxy  and 

20  p a r a - s u b s t i t u t e d   phenyl ,   said  p a r a - p h e n y l   s u b s t i t u e n t s   each  b e i n g  
s e l e c t e d   from  the  group  Cj-C^  a l k y l ,   C  -C  alkoxy  and 

h y d r o x y .  

3.  N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   a c c o r d i n g   to  claim  2 
wherein   R.  ,  R  ,  R  and  R,  are  each  s e l e c t e d   from  the  g roup  

25  methyl   and  e t h y l .  

4.  The  compound  l , 3 - d i b r o m o - 4 , 4 , 5 , 5 - t e t r a m e t h y l -  
2 - i m i d a z o l i d i n o n e   . 

5.  N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   a cco rd ing   to  claim  1 
wherein  X  is  c h l o r i n e ,   X'  is  bromine  and  the  s u b s t i t u e n t s   R  -R 1  4 

30  are  each  s e l e c t e d   from  the  group  C.-C  a l k y l ,   C  -C_  a l k o x y ,  
hydroxy  or  p a r a - s u b s t i t u t e d   phenyl ,   said  p a r a - p h e n y l   s u b s t i t u e n t s  

being  s e l e c t e d   from  the  group  C.-C,  a l k y l ,   C.-C,  alkoxy  and  

hydroxy  . 
6.  N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   a cco rd ing   to  claim  5 

35  wherein   R  ,  R  ,  R  ,  and  R,  are  each  s e l e c t e d   from  the  g roup  
methyl   and  e t h y l .  
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7.  The  compound  l - c h l o r o - 3 - b r o m o - 4 , 4 , 5 , 5 -  

t  e  t ramethyl—  2 - i m i d a z o l i d i n o n e   . 

8.  N , N * - d i h a l o - 2 - i m i d a z o l i d i n o n e   a c c o r d i n g   to  claim  1 

whe re in   X  and  Xr  are  c h l o r i n e ,   and  the  s u b s t i t u e n t s   Ri~R^  are  e a c b  

5  s e l e c t e d   from  the  group  hydrogen ,   Cj-C^  a lkoxy,   hydroxy,   and  

p a r a - s u b s t i t u t e d   phenyl ,   sa id   p a r a - s u b s t i t u t e d   phenyl   each  b e i n g  

s e l e c t e d   from  the  group  Cj-C^  a l k y l ,   Gj-C^  alkoxy  or  h y d r o x y ,  

p r o v i d e d   t h a t   not  more  than  one  of  said  s u b s t i t u e n t s   Rj~R^  i s  

h y d r o g e n .  

10  9.  The  compound  1  , 3 - d i c h l o r o - 4 , 5 , 5 - t r i m e t h y l -  

2 - i m i d a z o l i d i n o n e   . 
10.  The  compound  1  , 3 - d i c h l o r o - 4 - m e t h o x y - 4 , 5 , 5 -  

t r i m e t h y l - 2 - i m i d a z o l i d i n o n e   . 

11.  N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   a c c o r d i n g   to  c la im  1 

15  w h e r e i n   X  and  X1  are  c h l o r i n e ,   R^   R2  and  R3  are  each  s e l e c t e d  

from  the  group  hydrogen ,   C  -C  a l k y l ,   Cj-C^  a lkoxy,   h y d r o x y  

and  s u b s t i t u t e d   pheny l ,   and  R'  is  s e l e c t e d   from  the  group  h y d r o g e n ,  

C  -C  a l k y l ,   C  -C  a lkoxy,   hydroxy  and  s u b s t i t u t e d   p h e n y l ,  

s a id   phenyl   s u b s t i t u e n t s   being  s e l e c t e d   from  the  group  C j -C^  

20  a l k y l ,   C.-C,  a lkoxy  or  hydroxy,   p rov ided   t ha t   not  more  than  one  o f  

the  s u b s t i t u e n t s   Rj-R/  is  h y d r o g e n .  

12.  N , N * - d i h a l o - 2 - i m i d a z o l i d i n o n e   a c c o r d i n g   to  claim  11 

w h e r e i n   Rj,  R2  and  R3  are  Cj-C^  a l k y l ,   Gj-Cg  a l k o x y ,  

hydroxy   and  p a r a - s u b s t i t u t e d   p h e n y l .  

25  13.  N , N T - d i h a l o - 2 - i m i d a z o l i d i n o n e   a c c o r d i n g   to  claim  11 

w h e r e i n   R-,  R2,  R3  and  R  ̂ are  ^2~CA  ^ ^ y 1 *  

14.  N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   a c c o r d i n g   to  claim  11 

w h e r e i n   Rj,  R2  and  R3  are  Cj-C^  a l ky l   and  R4  is  C2~C^ 

a l k y l .  

30  15.  The  compound  1  ,  3 - d i c h l o r o - 4 - h y d r o x y - 4   ,  5  ,  5 -  

t r i m e t h y l - 2 - i m i d a z o l i d i n o n e   . 
16.  In  the  method  for  d i s i n f e c t i n g   an  aqueous  medium 

c o n t a i n i n g   u n d e s i r e d   h a l o g e n - s e n s i t i v e   m i c r o o r g a n i s m   by  t r e a t m e n t   w i t h  

o r g a n i c   c h l o r a m i n e s ,   the  improvement  c h a r a c t e r i z e d   in  t ha t   the  aqueous  

35  medium  is  t r e a t e d   with  a  b i o c i d a l l y   e f f e c t i v e   amount  o f  

N , N T - d i h a l o - 2 - i m i d a z o l i d i n o n e   r e p r e s e n t e d   by  the  g raph ic   f o r m u l a :  
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where in   X  and  Xf  are  each  halogen  s e l e c t e d   from  the  group  c h l o r i n e   and  
bromine,   Rj,  R2,  R3  and  R  ̂ are  each  s e l e c t e d   from  the  g roup  
c o n s i s t i n g   of  hydrogen,   Cj-C^  a l k y l ,   Cj-C^  a lkoxy,   hydroxy  and  
s u b s t i t u t e d   phenyl ,   said  phenyl  s u b s t i t u e n t s   each  being  s e l e c t e d   f rom 

10  the  group  Cj-C4  a l k y l ,   C j - ^   a lkoxy,   and  hydroxy,   p r o v i d e d  
tha t   not  more  than  one  of  the  s u b s t i t u e n t s   R,-R.  is  h y d r o g e n .  

17.  The  method  of  claim  16  where in   R  ,  R  ,  R  and  

R  ̂ are  each  s e l e c t e d   from  the  group  methyl   and  e t h y l .  
18.  The  method  of  claim  16  where in   R  ,  R  ,  R  and 

15  R,  are  each  m e t h y l .  

19.  The  method  of  claim  18  where in   the  N , N ' - d i h a l o  
i m i d a z o l i d i n o n e   is  1  ,  3-dibromo-4  , 4 ,5 ,   5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e   , 
1  ,  3 - d i c h l o r o - 4   , 4 ,5 ,   5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e   , 
1  - c h l o r o - 3 - b r o m o - 4   , 4 ,5 ,   5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e   ,  o r  

20  1  ,  3 - d i c h l o r o - 4   ,  5  ,  5 - t r i m e t h y l - 2 - i m i d a z o l i d i n o n e   . 
20.  The  method  of  claim  16  where in   the  aqueous  medium  i s  

found  in  a  swimming  pool,   a i r - c o n d i t i o n i n g   system,  coo l ing   tower,   h o t  
tub,  water  d i s p o s a l   f a c i l i t y   or  a  source   of  po t ab l e   w a t e r .  

21.  The  method  of  claim  16  where in   the  aqueous  medium  i s  
25  t r e a t e d   also  with  a  source  of  a c t i v e   ha logen   s e l e c t e d   from  the  g r o u p  

c o n s i s t i n g   of  e l emen ta l   c h l o r i n e ,   e l e m e n t a l   bromine,  a l k a l i   m e t a l  
h y p o c h l o r i t e ,   ca lc ium  h y p o c h l o r i t e   ,  t e r t i a r y   bu ty l   h y p o c h l o r i t e ,   and 
N-ha logena t ed   o rgan ic   compounds  which  r e l e a s e   halogen  when  c o n t a c t e d  
with  w a t e r .  

30  2Z'  The  method  of  claim  21  where in   the  N - h a l o g e n a t e d  
o rgan ic   compound  is  s e l e c t e d   from  the  group  c o n s i s t i n g   of  c h l o r o -   and  
bromo-  d e r i v a t i v e s   of  N - h a l o s u c c i n i m i d e   , 
N , N ' - d i h a l o - d i m e t h y l h y d a n t o i n ,   sodium  or  p o t a s s i u m  
N , N - d i h a l o c y a n u r a t e ,   t r i h a l o i s o c y a n u r i c   ac id ,   N - h a l o - 2 - o x a z o l i d i n o n e s  

35  and  h a l o g l y c o l u r i l s   . 
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23.  The  method  of  c laim  16  where in   the  h a l o g e n - s e n s i t i v e  

m i c r o o r g a n i s m   in  the  aqueous  medium  is  s e l e c t e d   from  the  g r o u p  

c o n s i s t i n g   of  L e g i o n e l l a   p n e u m o p h i l i a ,   G i a r d i a   l a m b l i a ,   En tamoeba  

i n v a d e n s ,   S h i g e l l a   b o y d i i   and  S t a p h y l o c o c c u s   a u r e u s .  

5  24.  A  method  for  d i s i n f e c t i n g   an  aqueous  medium  c o n t a i n i n g  

u n d e s i r e d   h a l o g e n - s e n s i t i v e   m i c r o o r g a n i s m ,   which  compr ises   i n t r o d u c i n g  

i n to   the  aqueous  medium  (a)  i m i d a z o l i d i n o n e   compound  r e p r e s e n t e d   by  

the  g r a p h i c   f o r m u l a  

10  R - C - f - R l  
HN  NH 

V  
-  II 

0 

w h e r e i n   Rj,  R£,  R3»  R4  are  each  s e l e c t e d   from  the  g roup  

15  c o n s i s t i n g   of  hydrogen,   C^-C^  a l k y l ,   ( ^ - ( ^   a lkoxy,   h y d r o x y ,  

and  s u b s t i t u t e d   pheny l ,   sa id   s u b s t i t u t e d   phenyl   s u b s t i t u e n t s   e a c h  

be ing   s e l e c t e d   from  the  group  Cj-C^  a l k y l ,   Cj-C^  a lkoxy,   o r  

hydroxy ,   p r o v i d e d   tha t   not  more  than  one  of  the  s u b s t i t u e n t s   R j - ^  

is  hyd rogen ,   and  (b)  at  l e a s t   a  s t o i c h i o m e t r i c   amount  of  a  source  o f  

20  h a l o g e n ,   s a id   ha logen   being  s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

c h l o r i n e   and  bromine ,   whereby  to  form  in  s i t u   a  b i o c i d a l   amount  of  t h e  

c o r r e s p o n d i n g   H , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e .  

25.  The  method  of  c la im  24  where in   Rj,  R2>  R3  and  

R,  are  each  methyl   or  e t h y l .  

25  26.  The  method  of  c laim  25  where in   the  aqueous  medium  i s  

found  in  a  swimming  pool ,   a i r - c o n d i t i o n i n g   system,  coo l ing   tower,   h o t  

tub,   was te   d i s p o s a l   f a c i l i t y   or  a  source   of  p o t a b l e   w a t e r .  

27.  The  method  of  claim  26  where in   the  i m i d a z o l i d i n o n e   com- 

pound  is  4 , 4 , 5 , 5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e   or  4 , 5 , 5 - t r i m e t h y l - 2 -  

30  i m i d a z o l i d i n o n e .  

28  .  The  method  of  c laim  24  where in   the  source   of  ha logen   i s  

e l e m e n t a l   c h l o r i n e ,   e l e m e n t a l   b romine ,   sodium  h y p o c h l o r i t e ,   c a l c i u m  

h y p o c h l o r i t e ,   t e r t i a r y   bu ty l   h y p o c h l o r i t e   or  N - h a l o g e n a t e d   o r g a n i c  

compound  t h a t   r e l e a s e s   a c t i v e   ha logen   when  c o n t a c t e d   wi th   water   and  

35  which  is  l e s s   s t a b l e   than  the  N , N r - d i h a l o - 2 - i m i d a z o l i d i n o n e   d e r i v a t i v e  

formed  in  s i t u .  
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29.  A  method  of  combat t ing   h a l o g e n - s e n s   i t i v e   b a c t e r i a  
compr i s ing   t r e a t i n g   the  h a b i t a t   of  the  b a c t e r i a   with  a  b a c t e r i c i d a l  
amount  of  N , N ' - d i h a l o - 2 - i m i d a z o l i d i n o n e   r e p r e s e n t e d   by  the  g r a p h i c  
f o r m u l a :  

R3  R 3  *2 
—  C—  R R 4 ~  

X1— 
1 

tt—  X 
V  

I! 

10  where in   X  and  Xf  are  each  halogen  s e l e c t e d   from  the  group  c o n s i s t i n g  
of  c h l o r i n e   and  bromine,   Rj,  R2,  R3  and  R4  are  each  s e l e c t e d  
from  the  group  c o n s i s t i n g   of  hydrogen,   C.-C,  a l k y l ,   C . - C ,  
a lkoxy,   hydroxy  and  s u b s t i t u t e d   phenyl ,   said  phenyl  s u b s t i t u e n t s   e a c h  
being  s e l e c t e d   from  the  group  Cj-C^  a l k y l ,   C j - ^   a lkoxy,   and  " 

15  hydroxy,   p rov ided   tha t   not  more  than  one  of  the  s u b s t i t u e n t s   R  -R  
j  i.  j  " 1 4  
is  h y d r o g e n .  

30.  The  method  of  claim  29  wherein   Rj  ,  R2,  R  and 

R  ̂ are  each  methyl   or  e t h y l .  
31.  The  method  of  claim  29  where in   the  N , N ' - d i h a l o  

20  i m i d a z o l i d i n o n e   is  l , 3 - d i b r o m o - 4 , 4 , 5 , 5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i n o n e ,  
1  ,  3 - d i c h l o r o - 4   , 4 ,5 ,   5-  te t rame  t h y l - 2 - i m i d a z o l i d i n o n e   , 
l - c h l o r o - 3 - b r o m o - 4   ,4 ,5 ,   5 - t e t r a m e t h y l - 2 - i m i d a z o l i d i m m e   ,  o r  
1  ,  3 - d i c h l o r o - 4   ,  5  ,  5 - t r ime   t h y l - 2 - i m i d a z o l i d i n o n e   . 
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